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ABSTRACT 


The physical and chemical nature of Solonetzic Sorts inhibits 
production of agriculture crops. Within the Province of Alberta these 
soils have a large areal extent of approximately five million hectares. 
Numerous different methods of amelioration of Solonetzic soils have been 
tried. This study was initiated to develop a set of criteria that would 
act as guidelines for the assessment of the suitability of Solonetzic 
soil landscapes for amelioration by deep plowing. These assessment 
guidelines were tested on soil units mapped in a study area near Leduc, 


Alberta. This area includes both Solonetzic and non-Solonetzic soils. 


The soil units within the study area were characterized according 
to the physical, chemical and soil landscape properties outlined in the 
assessment guidelines. These properties included such physical 
characteristics as internal soil drainage and soil texture, chemical 
characteristics such as the calcium content in the C horizon and the 
Ca/Na ratio in the surface horizon and soil landscape characteristics 
such as the distribution of different soils within a landscape. The soil 
units were then given a none to slight, moderate, moderate to Severe or 


severe degree of limitation to deep plowing based on these properties. 


The results showed that all the soil units were assessed a 
moderate to severe or severe degree of limitation. This is due to the 
need to refine the chemical criteria used and the complexity of the soil 


landscape at this scale of mapping. 


The criteria used to develop the guidelines were based on the work 


of various researchers, personal communication and field observations. 
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From the early Russian work to the more recent work in North 
America, the chemical and physical nature of Solonetzic soils has been 
shown to inhibit the production of agricultural crops. Solonetzic soils 
are typically higher in their sodium ion concentration than associated 
non-Solonetzic soils and the former may be saline. Solonetzic soils are 
also characterized by.a subsurface horizon that is hard when dry and 


sticky when wet restricting the downward movement of roots, air and water. 


Within the province of Alberta, there are approximately five 
million hectares of Solonetzic soils of which 1.8 million hectares occur 
in the Black, Dark Gray and Gray Wooded soil zones (Peters 1978). Within 
the Edmonton region, Solonetzic soil landscapes have an areal extent of 
approximately 362,000 hectares. With the ever increasing demand for land 
for urban development and the diminishing base of arable agricultural 
land, it is becoming necessary to improve the productive capacity of 


Solonetzic soils. 


There have been numerous studies to determine the success of 
different amelioration practices. These have ranged from the physical 
disturbance of the profile through land levelling, vertical mulching, 
deep ripping and deep plowing to chemical amelioration through the use 
of conmercial amendments, soil conditioners and organic and inorganic 


fertilizers (Cairns 1978). 


In spite of all the work done by various agencies, the question 


remains as to which soil-landscapes may be best suited for deep plowing 
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and which may present serious limitations to this practice. 


The objective of this project is to develop and test a guide to 


assess soil-landscape suitability for deep plowing through: 


(1) the definition of soil-landscape characteristics considered as limit- 
ations to deep plowing; 

(2) the incorporation of the characteristics into a soil mapping legend; 

(3) the mapping of an area containing solonetzic soil landscapes; and 

(4) the assessment of each map unit in terms of the degree and kind(s) of 
limitation(s) to deep plowing. 

To accomplish this, the following assumptions and delimitations 

were made: 

(1) although various deep tillage methods have been devised, consideration 
is given only to that using a wheel plow (top soil saving plow) ; 

(2) the necessity of applying this technique is not stressed, just the 


(3) 
(4) 


possible soil landscape limitations to its use; 
that soil landscapes are not irrigated; and 
only salt affected soils are considered and not others which may have 


some similar physical characteristics. 
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The Study Area 
Location 


The study area encompasses a single township immediately south of 


Leduc and approximately 24 km south of Edmonton. 


This area was selected because of 
(1) its close proximity to the University of Alberta allowing for easy 
access to and aon the study site; 
(2) the availability of existing information regarding the general 
climate, geology, hydrology and soils of the area; and 
(3) the presence of several deep plowing plots already in the area under 


the auspices of Alberta Agriculture. 


Climate 


The climate of the area is considered to be continental, 
characterized by relatively warm summers and cold winters with a mean 
summer temperature of 13°C and a mean winter temperature of -9°C (Bowser 
et al 1962). The mean annual precipitation for the area varies fram 40- 
45 cm with an average annual snowfall of 125 cm (Bowser et al 1962). 

The study site is included in Agro-Climatic Zone I which represents an 
area receiving adequate precipitation for the growth of crops and having 


greater than 90 frost-free days annually (Bowser 1967). 


Geology 


The bedrock geology of the area is related to the presence of 


poorly consolidated Upper Cretaceous bedrock of the Edmonton Formation 
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(Westgate 1969). This formation is a brackish water formation composed 


of interbedded bentonitic shales and sandstones, clays and coal seams. 


Variable thicknesses of transported material over bedrock 
characterize the study area, with deep tills occurring in the northern 
section and residual bedrock in the south-central section. The Gwynne 
Outlet characterized by fluvial sand overlying till with minor gravel 
inclusions (Westgate: 1969) cuts through the northeast corner of the 
study site. Glacio-lacustrine deposits of Lake Edmonton origin dominate 


the central portion of the study area. 


Hydrology 


The presence of two distinct groundwater flow regimes has been 
recognized in the Edmonton region flowing in a north to northwesterly 
direction towards the North Saskatchewan River which acts as a sink line 
(Moell 1977, Ceroici 1978). ‘The first flow occurs within surficial 
deposits where the major ions tend to be calcium-magnesium bicarbonates. 
The second-groundwater flow, dominated by sodium bicarbonates, occurs 


within bedrock material. 


Soils 


The study site was included within the area mapped during the 
reconnaissance soil survey of the Edmonton Sheet (83-H) (Bowser et al 


£962). 
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The mode of deposition of materials within the site is variable. 
Parent materials include till, lacustrine and glacio-lacustrine deposits, 
fluvial deposits, colluvial deposits, residual bedrock material, fluvial 
deposits overlying till and till overlying residual bedrock material of 
various thicknesses which were deposited on top of the Edmonton Formation. 
In those locations where the Edmonton Formation is exposed (referred to 
as scabland; Westgate 1969), the parent material is residual bedrock. 

As a result soils formed on this material tend to be higher in sodium 
salts than adjacent soils and are classified as Solonetzic soils. 

Till and glacio-lacustrine deposits account for the majority of the 
parent materials within the area. The till deposits occur predominantly 
along the northern and western boundaries of the study site forming a 
semi-circle around the central portion of the study site. Glacio- 
lacustrine material occurs in the central portion. The remaining parent 


materials occur randomly throughout the remainder of the study site. 


The topography of the land generally changes with a change in 
surficial material. Undulating to hummocky ground moraines are associated 
with till deposits, whereas-a level to undulating surface expression is 
commonly found in areas of glacio-lacustrine deposits or residual bed- 


rock. Recent fluvial material is found in drainage ways in fields. 


The majority of the area is classified as 4D according to the 
Canada Land Inventory, Soil Capability for Agriculture (83-H), (Environ- 
ment Canada 1967). The major limitation is undesirable soil structure 
and the areal extent of land classified as 4D corresponds well to what 


had been mapped in the reconnaissance soil survey as soils of the 


aaizowe sitesi raknaliy, bros 
fetvol? <fetecte dooste! canta 
ae tuksadiin saat teasiieent scsaybtoey ists Bra ise 
po bhai? POET SAT FO tS ‘ho batiadaah be Aes 
oy ferrisiie:) bedegia =f v0 Etre esd art ane 
fomibed Lawiiteers +47 ‘ret it att CAGE 
mbes cb caeelit eat crt “fier jsavodee Shit 1) Nie 
sORKGS DESIRE 5 ts aantes ote, te poise ode 

acy 96 qaiter am od tach pues eaeeoged aaisimpcit-< 

wi tose a testy 4 preceiop LL) Sit, + 6eis ett ‘agitate ‘ais, 

| | . he) ay re 

B pUTIoN alte vhude eds Fo ouPiabetied Ayala pee: Hs ‘ S 
“olosl) sshe yori orl 10 (ey, BEERS ‘ge Sant ah ule i 

imeicd chintiagen at!) .pogrex (etre 5th ayo | 
Stee yas att te pie bse Bas | recto n 


ne 


* Solio a tity Sopreut Mate fal ‘orf ey 


> 


Sstntooaes, Sts zaniéestm bance vedocunnit os cain eth pee 
at nic iseceyxs Le Pine piictsiuen sna dense 6" canine es es fy 
~be Labieees WO eteossh out ba hul roa a rat a eeoth * Ea 


, abies? $e tkepr SRERL xb fe peut 2k intuaten p feisnt msi 5 


i os patio Os en bebitvedata co 1ote odds 20) oi apr 

~cscrskert MRE) eur ins hreA xt 3) Bice ee. oes vipa 

fie ‘Pitstourete” Lio alttesiesiit ef nontatiutt| ‘cin ty a 
; tad cd Blair sbucqrorsbo (it, 26 Baftieasio Bist Ro Ingaxy | 


aed 


tae wt elon ne ore Joe ssi Each te 


Solonetzic Order. The remainder of the study site is classified as 
either Class 1, 2T or 3T. The areal extent of these classes corresponds 


to areas mapped with soils belonging to the Chernozemic Order. 


Land Use 


The land use patterns generally change as the soil orders change. 
Soils of the Gleysolic Order are usually left as pasture land whereas 
soils of the Chernozemic Order are used for cereal and forage crop 
production. Solonetzic soils are used primarily for pasture but where 
there is a greater depth of A horizon, such as with Solods, they are 


used for cereal crop production. 
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LITERATURE REVIEW 
Genesis of Solonetzic Soils 


Soil development is a function of topography, biota, parent 
geological material and climate in varying intensity over a period of 


time (Jenny 1941). 


Gedroits, in his classical work in the early 1900's on soils that 
according to the Cana System of Soil Classification (Canada Soil 
Survey Committee 1978) would be classified as Solonetzic, stated that 
the genesis of Solonetzic soils is a three-stage process. The stages 


being salinization, desalinization and solodization (Joffe 1936). 


Salinization leads to a concentration of soluble salts, high in 
sodium, in the soil profile through groundwater discharge, capillary 


rise or evaporation. 


Desalinization occurs as a result of soil leaching of soluble 
bases by precipitation or by the lowering of the groundwater table. The 
saturation of soil colloids with sodium results in their dispersion and 
the formation of a hard Bn(t) horizon characteristic of soils of the 


Solonetzic Order. 


In the process of solodization, "calcium pumping" by plant roots 
in the upper A horizon places calcium from the parent material onto the 
exchange complex where it replaces the sodium cation. At the same time, 
sodium humates formed from the breakdown of organic matter by sodium and 
the sodium saturated clays disperse and are leached down cleavage planes. 


Lodgement occurs and the peds become stained. 
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As the processes of desalinization and solodization continue, 
soluble salts are being moved down the profile. Edaphic vegetation 
Bee eatlacitoteadiins site increasing the intensity of "calcium pumping" 
and humification of the A horizon. With the continuation of the pro- 
cesses of "calcium pumping", humification, desalinization and solodiza- 
tion, the Bn(t) horizon mellows and a Solod begins to form. With the 
prolongation of these processes the soils begin to acquire the 


characteristics of the zonally normal soils. 


If the salts resulting from salinization are predominantly calcium 
or if through the process of leaching over ninety percent of the remain- 
ing exchangeable cations are calcium, then the saline soils are converted 
into a zonally normal soil and no Solonetzic soils would develop (Russell 
1961). The above stress the importance of both the calcium contents and 
fluctuations in groundwater levels in the amelioration of Solonetzic B 


horizons or in the prevention of their formation. 


Groundwater Flow and Solonetzic Soil Development 


The relationship of groundwater fluctuations to the genesis of 


Solonetzic soils have been discussed by numerous authors. 


In those instances where the water table is sufficiently close to 
the soil surface to prevent the leaching of the soil by surface water, no 
Solonetzic soils should develop even though the formation of Solonetzic 
soils requires the rise of sodium salt solutions to the surface (Glinka 
1926). He also points out the effect of aspect on soil formation and 


groundwater movement by stating that Solonetzic soils may show a 
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preference for slopes where soils warm up faster with the consequent 
increase in evaporation and rise of sodium salte.to the soil surface. 
Other studies by European and North American researchers have also shown 
the importance of groundwater movement in the development of Solonetzic 
soils. Muratova (1958) in the U.S.S.R. and Szabolcs (1965) in Hungary 
have both stated that salinization is a result of or associated with 
mineralized groundwater near the soil surface. Arshad and Pawluk (1966) 
found that Solonetzic soils formed from glacial lake sediments, such as 
those found within the study site, were found in relatively level ground- 
water discharge areas where capillary rise from the water table was a 
factor. Ina study at Vegreville (Cairns 1977) piezometers were placed 
on a very thin Black Solonetz, a Black Solonetz and an Eluviated Black 
Chernozem. He found that there was a large variability in water table 
depths and sodium ion concentration. The results he obtained did not 
appear to be related to fluctuations in seasons, local climates or local 


relief. 


Solonetzic Soil Development in a Landscape 


Researchers have tried to relate the topographic position of a 
soil to the groundwater flow pattern. Menon (1971) in his work found 
that variations in slope can cause changes in soil characteristics. 
Such changes are often due to variations in the internal and external 


soil drainage regime. 


Pawluk et al (1969) stated that in the Edmonton area, Orthic Black 
and Solonetzic Black soils occur in recharge and midline positions; Black 


Solods and Black Solonetz occur in discharge areas in the lower portion 
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of the midline position or the highest parts of the discharge areas; and 
saline Black Solonetz occur in groundwater discharge areas (Figure 1). 
These findings are substantiated by Leskiw's work (1971) in the Vegreville 
area where he found similar soil-topography relationships. Findings of 
Ellis et al (1970) show that in areas of Solonetzic soil the upper slope 
positions were occupied by Solonetz, the midslope positions where leach- 
ing was significant, by Solodozed Solonetz and the lower wetter slope 
positions occuppied by Solods (Figure 1). This sequence occurred over a 
wide range of parent materials. They also state that the position of 


solonetzic soils in a landscape is erratic. 


Joffe (1936) describes a typical soil sequence as going from a 
zonally normal soil in the upper slope positions through a Solonetzic to 
Solodized Solonetz in the midslope position to a Solod in the lower slope 
position where leaching by water was the cause of solodization (Figure 1). 
These observations were confirmed by Bentley and Rost (1946) who also 
found the reverse soil sequence. They, too, found the upper slope 
positions occupied by the zonally normal soil. However, the midslope 
positions were occupied by solods which evolved to solodized solonetz 
then solonetz as the moisture regime downslope became wetter (Figure 1). 
They explain this by saying, "However, it appears that in such instances 
there is a locally higher water table which inhibits leaching in the low- 
est topographic positions. The solodized solonetz and solod profiles 
therefore develop in higher topographic positions where there is a more 
actual leaching." Generally speaking, research on soil development in a 
particular soil landscape points out that the recharge areas are occupied 


by the better drained soils, such as the zonally normal soils, the mid- 
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FIGURE 1: Schematic Comparison of Solonetzic Soil Landscapes 
as Described by Various Authors 
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line positions are occupied by gleyed or slightly saline soils, and the 
discharge areas are characterized by soils developed under poorer drained 
conditions. If the ground water is high in sodium, a Solonetzic soil may 
develop (Menon 1971, Pawluk et al 1969). As the previous information 
indicates, by knowing something about the topography and the nature of 
groundwater flow, it should be possible then to predict where in a soil 
landscape a Solonetzic soil would likely occur. On the whole then in 
Solonetzic soil landscapes the upper slope positions should be occupied 
by Solonetz, the midslope positions by Solodized Solonetz and the lower 
slopes by Solods. In a Chernozemic-Solonetzic soil landscape, the 
Chernozemic soils should occupy the upper slope positions progressing to 
Solonetz then Solodized Solonetz in the midslope position and to Solods 
in the lower slope positions. However, it should be remembered that the 
one point that is indicated by most of the studies on Solonetzic soils is 
the great variability in the position of these soils in a topographic 


Sequence. 


Reclamation 


The reclamation of Solonetzic soils can be broken down into two 
basic approaches. The first is a physical approach where the soil pro- 
file is disrupted by some means mixing the calcium rich C horizon with 
the sodium enriched B horizon. This has been attempted by either deep 
plowing or deep ripping. Deep plowing ideally involves the physical 
mixing of the B and C horizons only, with the A horizon placed back on 
top. The early single bottom plows mixed all three mineral horizons to 
a maximum depth of 90 cm with the result that the subsurface horizons 


were often at the soil surface making for a poor seedbed. With the 
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advent of the wheel plow the B and C horizons can now be mixed to a 
maxim depth of 60 cm and the A horizon placed back on top allowing for 
a more suitable seedbed. This is accomplished by the use of a grader 
blade which removes the surface horizon and deposits ori a rotating 
wheel which in turn deposits it back on top of the previously-plowed 
furrow. At the same time that the surface horizon is being removed, a 
plow is mixing the B and C horizons which will have topsoil placed on 
them from the next furrow. This results in a more suitable soil environ- 
ment for seedling growth. The other method of physical disruption is 
through deep ripping. This involves "shattering" of the soil profile by 
e large chisel type plow called a "Texas Ripper." The drawback of this 
approach is that there is very little actual mixing of the subsurface 
horizons and these soils have a tendancy to retain their solonetzic 


nature. 


The second approach is the chemical approach. This is usually 
accomplished through the addition of manure, commercial fertilizers or 
gypsum to the soil in an attempt to artificially speed up the processes 


of desalination and solidization. 


Characteristics Important to the Reclamation of Solonetzic Soils 


Most of the research being conducted at present on deep plowing 
deals with soils belonging to the Solonetzic order. Morphologically, 
this soil order is characterized by a solonetzic B horizon. This horizon 
often has distinct round tops and a very hard consistency when dry. 
Hence, the term hardpan is often applied to this horizons. As well, the 


B horizon may show sodium humate staining on the peds and compressed 
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roots along cleavage planes. When wet, the B horizon exhibits a sticky 
consistency. Solonetzic soils possess saline C horizons and originate 
from a parent material that was infused with salts then subjected to 


leaching by precipitation or lowering the water table. 


Chemically, the most widely accepted general description of a 
Solonetzic soil is that of one having an acidic A horizon and an alkaline 
B horizon. It is generally agreed that the sodium content is responsible 
for the compact B horizon, poor structure, and poor water regime (Szabolcs 
1971). The pH of the B horizon is usually 27 due to the higher than 


normal exchangeable sodium percentage. 


Recently, attempts have been made to outline possible criteria 


that could be used to assess the suitability of soils for deep plowing. 


A high calcium content in the C horizon is desirable so that when 
the B and C horizons are mixed there is sufficient calcium from the C 
horizon present to replace the sodium in the B horizon. The actual mini- 
mum amount of calcium considered necessary ranges from 20 meg/f (Hermans 
1980) and 25 meg/2 (Sandoval 1979) in the C horizon. Work done in North 
Dakota on Natriborolls eee this where soils that had a greater amount 
of soluble gypsum within the plow depth gave a better response to deep 


plowing than those low in soluble gypsum (Sandoval 1979). 


Cairns and Hermans (1978) made several statements about soil con- 
ditions that led to a favorable response from deep plowing. They stated 
that soils with a definite hardpan but low sodium level in the Bnt hori- 
zon and high ratios of cat? at in the lime salt layer below the Bnt 


horizon, showed a favorable initial response. They were classified as 


‘ ; i 3 wee eee reas. 
fake 2 as bible este @ wey | 
¥ uae . fe of is A sony: 
4 od bedsahsie pats eileen Ain in ah : 
ae , 
 aicieg tarey cit ue ott 


5 IH 1 tiie a rs Pers sp mane een: 1 Sodas eat 


5! , 


fs. ib ner! A > bitos 16 peed: SD, tee nits ai “itl 


2 OT xe hon 
eripiatia fis i 


Ae es 
ofdlcihtest ai Snasaco nibs eek gett! Learis vUemeeneaiat 2 me | 
Yah 
poliectas 3) soins. “see roe ox16", att foutae yoy ape ae 
sit cuevipldt sit ai san Ts yileces $i nox a ae 0 


* ‘30 wens way, Wuskeevets 


eins afidtbeect act ipo od -eibecn ior eye tin ad lorie 
satieeic aesab oot eliza Roy Pr tee | SS ox seit tety 


a) 


\ " es ue 


ror =i y's ees ‘= fete ‘t2s b re (eons it ‘4 a ee Se ia) ri biaatgeh tates 


D 20 ae ME fen tecLoritve pe a bach g 7m 
ra ee | (Tansy? ‘e iia t 
hee J | 3 

~ Liet facsos rape hos biol: St cet its Veailical ’ ome a0 se 


Aneesh) San OC mot espns Y ‘Basin cs gal cost 
dru ce Sub -biow jotta Lodi he, aid ¥ 


—J 


Jonas sJkeap «a Sql edd slice exeuly aes oho aA. sd ie 
qe Od) eartxezacm spikes fave pee ghia ys: saiH890 
—: te 
_s (EERE eee et i 


ree is pede Bigie inka eyes) arcsec kn i th 
eons ‘yee prune, dash aetn gaits afer an Bai 
Te aateetnetl area nei so geet ae 


15 


Solods. These soils tended to have an acidic A horizon and benefited 
from the liming effect of deep plowing. A soluble Ca‘“/na’ (saturated 
paste) or exchangeable ratio of =4 has been suggested as being necessary 
for good seedbed germination (Cairns 1978). Hermans (1980) in his work 
with a wheel move plow states that a soil with a pH of =6 should benefit . 
from the liming effect of deep plowing, a situation that other researchers 
have mentioned also (Kurganskiiys and Yakovlev's 1937, Szabolcs 1971). 
Finally, the soil composition of the field to be deep plowed was mentioned 
as being a consideration with fields having a higher percentage of 
Solonetz and Solodized Solonetz not showing as favorable a response as 
a fields with lower percentages of these soils. This points out an 
area where research is lacking; would deep plowing be beneficial on non- 


Solonetzic soils? 


Kjearsgaard (1980) outlined some of the possible criteria that 
should be considered before deep plowing (Table 1). ‘These include class- 
ification at the order level, soil texture, surface drainage, parent 
material, topography and stoniness. He also discussed the necessity of 
having a "lime salt layer" within plow depth. For example, based on the 
average depth to the lime and salt horizon taken from soil survey antor= 4 
mation, Solonetzic soils of the Camrose series should not be deep plowed 
as the "lime salt layer" cannot be reached within the normal plow depth. 
Hermans (1980) concluded that at least 15 cm of gypsiferous C horizon 
must be within the usual maximum depth of deep plowing for the operation 


to be successful. 
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Characteristics Important to Deep Plowing 


(after Kjearsgaard 1980) 


TABLE 1: 
Characteristic Can Be Plowed 
Kind of soil Solonetzic 
(classification) 

Texture loam, clay loam 
Surface well drained 
Drainage 


Parent Material 


Topography 
Stones 


till, fluv-lac, 
lacustrine 


<.10% slopes 


<3% covered by 
by stones (S2) 


Should Not Be Plowed 


Chernozemic, Regosolic, Gleysolic. 
Areas with >50% non Solonetzic 
soils. 


Sandy loams and coarser, areas with © 
= 40% coarse soils. 


poorly drained 
ground water discharge areas 


Soft rock (bedrock), aeolian, 
fluvial, areas with >303% soft rock. 


=>10% slopes 
> 3% covered by stones (S3) 


Development of a Technical Classification System 


"The objectives of soil surveys are to provide reliable information 


on which to base some sort of land management or land treatment program 


that is in balance with and in close harmony with the physical nature of 


an area and still give an accurate geographic expression of the physical 


characteristics of an area" 


(Bartelli 1978). 


Technical classification 


then is a grouping of things together that are similar based on arbitrar- 


ily chosen criteria that are deemed important to the use of a group of 


soils for a particular purpose. 


equal importance. 


All properties must be regarded as of 


Therefore if a grouping of soils, such as a map unit, 


meet all the requirements for a slight limitation for a particular use, 


except one, then that one characteristic dictates that grouping of soils' 


final rating. 


As new knowledge is acquired, the technical classification 


will change and so may the rating of a particular group of soils. 
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Orvedal and Edwards (1978) define a Gsriical Classizication as 
"the placing of soils for inmediately practical objectives--objectives 
that pertain to the use and management of soils." Many of the properties 
that influence a soil's use in construction, engineering or as a base for 
plant growth are related to soils as natural bodies (Orvedal 1978). It 
is this relationship that allows one to take natural soil bodies and 
group them into classes of soils which behave alike regarding A specific 


use. 


Summary 


For the development of a realistic set of guidelines for assessing 
a soil's suitability for a favorable response to deep plowing, it is 
important to know the nature of the soil. From the models of genesis 
and empirical observations of different authors presented, certain 
characteristics should be evaluated before a soil or group of soils is 
judged as to its suitability for deep plowing. These characteristics 
include morphological and chemical characteristics such as those 
mentioned by Kjearsgaard (1980) and Cairns and Hermans (1978) as well as 
landscape features such as those mentioned by Kjearsgaard (1980) and 


Glinka (1926). 
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MATERTALS AND METHODS 


Devel t of the Mappi end 


In the development of the mapping legend particular attention was 
given to those soil/landscape characteristics considered important to the 
success Of deep plowing uSing a wheel-move plow. It should be realized 
that many of these characteristics (depth to C horizon, etc.) could vary 
over short lateral qieterees: As a result a certain amount of variability 


occurs within a particular area or map unit. 


Based on a reconnaissance soil survey (Bowser et al 1962) which 
encompassed the study site, geological reports and a prior knowledge of 
the general area, a number of different "soilscape groups" were 
established. A soilscape group as used by Coen (1977) is defined as "a 
defined and named aggregate of soil bodies grouped together on the basis 


of similar parent materials, drainage, soil and profile development." 


The following soilscape groups were described as occurring within 

the study site: 

Soilscape Group A —- Orthic Dark Gray Chernozems developed on till; 

Soilscape Group B -—- Eluviated Black and Orthic Black Chernozems developed 
Onn) 

Soilscape Group C -—- Eluviated Black and Orthic Black Chernozems developed 
on glacio-lacustrine material; 

Soilscape Group D —— Solonetzic soils developed on till; 

Soilscape Group E -- Solonetzic soils developed on glacio—lacustrine 


material; 
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Soilscape Group F -—- Solonetzic soils developed on residual bedrock 
material; 

Soilscape Group G -- Gleysolic soils developed on fluvial, lacustrine 
and glacio-lacustrine material; and 

Soilscape Group H -—- Organic soils. 

Appendix 1 gives a detailed profile description of each of the major 


kinds of soils found within the study site. 


Each soilscape group was initially divided into various possible 
conceptual "soil units." Soil units (or soil mapping units) are defined 
as representations of a soil map of a part of the landscape having 
characteristics that fall into a range of limits described for that 
Particular unit (Valentine et.al 1979)... The. soil, units: describe. a 
central concept of a soil landscape. Initial field checking resulted in 
the deletion of some of the original concepts, which were found not to 
exist within the study area, and the broadening of the scope of other 
units which were found to be too narrowly defined. The soil units used 
in this study were structured similarily to map units described in "A 
Proposed Soil Mapping System for Canada" (Valentine et al 1979). That 
is, each unit was divided into a dominant, significant and minor compo- 
nent based on the percentage of a particular soil(s) within a unit. The 
following separations were made: for a soil or soils to comprise the 
dominant component of a soil it had to occupy greater than 60% of that 
unit; for the significant component, 20 to 40% of the unit; and the minor 


component, less than 20% of that particular unit. 


Each soil unit described within a particular soilscape group was 


given the designation of that group plus a numeric modifier. For example 
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the soil units within Soilscape Group "A" were designated as soil unit 
Al and A2, for Soilscape Group mB" the units went from Bl to B7. Com- 
plete descriptions of the soil units are included in the section on 


Results and Discussion. 


Field Mapping 


In the spring of 1978, letters were sent to the landowners in the 
study site explaining the project and requesting permission to enter onto 
their land. In all instances permission was granted. During the 1978 
and 1979 field seasons, soil investigations were conducted at the study 
Site. Over the course of the study, 1421 point descriptions were made. 
Soil properties and surface features that could be readily described in 
the field were recorded on daily field sheets. Particular attention was 
paid to characteristics considered as possible limitations to deep plow- 
ing, such as the internal drainage regime of the soil and depth tocC 
horizon. Numerous other sites were investigated to act as checks for 
verification as to the proper placement of a soil into a particular soil 
unit component. At each of the sites the morphological characteristics 
were described according to the "Manual for Describing Soils in the 


Field" compiled by Dumanski et al (1975). 


After each site was described in the field, it was marked on an 
aerial photograph on which preliminary boundary lines had been drawn in 
the previous winter. The aerial photographs used were 2X enlargements 
of black and white panchromatic photographs at an original scale of 
1:31680. The photographs were obtained from the Air Photo Branch of 


Alberta Energy and Natural Resources. 
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At the end of each field season, the preliminary soil boundary 
lines were finalized based on in-field investigations and aerial nets 
interpretation. The finalized soil boundary lines represented separa- 
tions in the field based on changes Ss the kinds of soils in response to 


differences in topography, surface drainage and vegetation. 


When all the soil boundary lines for the two years were finalized 
on the aerial photographs, they were transferred to the final 1:15840 


base map. 


Sampling and Analysis 


At the conclusion of each field season, soil individuals most 
closely representing the central concept of the dominant and significant 
soils in the study area were described and sampled by horizon. Variants 
from the central concepts were also described and sampled. As well, for 
each pedon description landscape data were recorded. Three transects 
(Figure 2) representating a cross-section of parent materials in tne 


study area were sampled to characterize soil toposequences. 


A number of deep plowing plots within the study site were sampled 
(Appendix 3) at 15 cm depths or if horizons were recognizable, they 


were sampled. 


This procedure of sampling the dominant and significant soils, 
along with selected variants, allowed for the acquisition of represent-— 
ative soil data of the study site without having to sample every individ- 


ual soil unit. 
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FIGURE 2 : Location of transects described in 
Appendix 2 and Figure 29. 
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The Soils Branch, Plant Industry Division of Alberta Agriculture, 
because of their own studies on deep plowing and their desire for the 
data, allowed samples taken during the course of this study to be 
analyzed along with their own. Similar analysis, therefore, was con- 
ducted on both sets of samples allowing for correlation of their data 


with that of the study site. 


All samples taken were air dried, ground to pass a 2 mm Sieve, 
and divided into two sets of samples. One set was sent to the Alberta 
Soil and Feed Testing Laboratory in Edmonton, while the other set was 
sent to the Alberta Environment Laboratory in Lethbridge. The Alberta 
Soil and Feed Testing Laboratory analyzed the samples for their 
electrical conductivity (E.C. x 10° mmhos) using standard laboratory 


procedures (McKeague 1976). 


The second set of samples was sent to the Alberta Environment 
Laboratory in Lethbridge for analysis of water soluble calcium and 
sodium using the saturated paste extract method (McKeague 1976). Other 
analysis included percent saturation of the soil, soil pH (using a 2:1 
distilled water to soil ratio) and the sodium adsorption ratio, again 
using laboratory techniques as outlined by McKeague (1976). The deter- 
mination of the soluble salt content of the soil (including calcium and 
sodium contents) by the saturation extract method is the preferred method 
as it gives a better approximation in most cases of these cations ina 
natural soil solution than does a wider water to soil ratio (Ballantyne 
1976). This method is useful in the determination of the gypsum (CaSO, © 


2H.0) content of the soil as gypsum is more readily water soluble than 
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calcium carbonate (Hermans 1980). As pointed out earlier, the gypsum 
content of the soil is important (Sandoval 1979) to the success of deep 


plowing. 


Development of Assessment Guidelines 


Prior to the development of the assessment guidelines, several 
assumptions had to be.made. They are as follows: 
(a) cultivation would be done with a wheel-move plow (topsoil saving 
plow) with a cultivation depth of 60 cm, 
(b) cultivation would take place on non-irrigated landscapes, 
(c) that deep plowing is an amelioration practice for salt affected soils, 
and 
(d) that these guidelines do not stress the necessity to deep plow rather 


only the possible soil and landscape limitations of it. 


The guidelines have been divided into two basic areas of limita- 
tions to deep plowing. The first section deals with the potential 
physical and chemical soil limitations while the second section deals 
with the potential landscape limitations to deep plowing (Table 2). Each 
limitation was rated as having either a none-to-slight (N/S), moderate 
(M), moderate to severe (M/S), or severe (S) limitation to the success 
of deep plowing. ‘This approach to assessing soil is the one outlined 
by Bartelli (1978) and has been used by both Coen (1977) and Greenlee 


(1980). 


The criteria used to develop these guidelines are an amalgamation 


of what has been published by Cairns, Hermans, Sandoval and Kjearsgaard, 
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TABLE 2: Soil and Landscape Limitations for Suitability of Solonetzic Soils for Deep Plowing 


Thickness of C 
horizon within 60 cn. 
plow depth 


Parent Material 


Ca(meg/£) in the C 
horizon 


Ca/Na ratio in surface 
horizon 


PH of surface horizon 


Soil Landscapes 


>12m 
0,1 


Very rapidly, rapid- 
ly, well and moder- 
ately well drained 


SL, FSL, VFSL, L, 
SiL, SCL, LS 


Solonetzic Chernozems 
and Solod, 

Solod and Solodized 
Solonetz, 

Solod and Solonetzic 


Chernozens, 

Solonetz, Solodized 
Solonetz and Solod, 
Chermozems, Solodized 
Solonetz and Solods, 
and 

Solonetzic Chermozems 
and Chernozems 


4 (6-9%) 


2 


Imperfectly 
drained 


SicL, CL, Si, 
sic, SC 


(> 108) 
PEE 
3,4,5 
Poorly, very 
poorly drained 


C, Peat, muck, 


gravel, sand 
<15 cm 
Residual 
bedrock 
< 20 
<4:1 
Alkaline 
Solonetz, 
Gleysols 


es een ee See ea ee SS SS 


Corresponds to the numbers in the following section on “Rationale for Criteria in Table 2).” 


2 these classes are defined in The Canadian System of Soil Classification (Canada Soil Survey Committee, 


1978). 
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personal communication and field observation and are therefore conceptual 


in nature. 


Rationale for Criteria in Table 2 


1. Kjearsgaard (1980) states that any slope greater than 10% should not 
be deep plowed. This in the authors' opinion would constitute a 
severe limitation. Any slope greater than 10% should not be deep 
plowed due to the reduced efficiency of equipment and special post 
plowing management problems such as soil erosion. A slope of between 
0 and 5% should offer no limitations to the normal use of equipment. 

2. Assuming that the total length of the tractor and the wheel-move 
plow is 12 m, slopes should be at least this length to allow for 
proper depth control. This is especially important in those areas 
where there is just sufficient amounts of C horizon material present 
Within normal plow depth. Any slopes less than 12 m in length could 
pose severe limitations to deep plowing. 

3. Surface stones affect the ease of cultivation and if large enough or 
numerous enough can physically damage the equipment itself. The 
degree of limitations due to surface stoniness outlined are similar 
to those used by Greenlee (1980) for trench type sanitary landfills. 

4. These separations indicate the optimum internal moisture regime 
necessary for deep plowing to be a success. The better drained soils 
have less limitation as they allow for a greater degree of downward 


movement of water which helps in the removal of salts out of the 
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profile. Poorly drained soils, because they are generally wet and 
receive continual additions of overland and/or subsurface water, 
which prevents adequate removal of salts, are given a limitation 
rating of severe. These soils also have a low trafficability which 
prevents easy access by equipment. Gleysolic soils fall into this 
category. Imperfectly drained soils will have a moderate limitation. 
The soil texture separations correspond well with the soil drainage 
regimes. The ere eee soils, which have a none-slight limit-— 
ation, correspond to the better drained soils which have none to 
slight limitations as well. Generally speaking as the soil texture 
becomes finer the internal drainage becomes poorer as in the situation 
with medium to fine textured soils which are often imperfectly drain- 
ed, and have a limitation rating of moderate. The extremes in soil 
texture, very fine textured clay soils or the very coarse textured 
sandy and gravelly soils are often poorly and very poorly drained or 
have little or no water holding capacity at all and are rated as 
severe. These separations are based on the dominant soil textures 
within plow depth. 

Hermans (1980) has stated that results from his research indicate 
that for deep plowing to work there should at least be 15 cmof C 
horizon material within the usual plow depth (60 cm). Therefore, if 
there is 15 cm or more of C horizon material present that soil is 
rated as having none to slight limitations. If there is less than 
15 cm of material present, that soil is rated as moderate to severe 
in limitation. A severe rating was not given to soils with less than 


15 cm of C horizon material within plow depth as some soils may have 
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more exchangeable calcium in 10 cm of C horizon than others have in 
15 cm of C horizon material. These values are meant. to act as 
general guidelines. 

The placement of various parent materials into different categories 
of degree limitation was based on Kjearsgaard's (1980) work. He 
stated that till, glacio-lacustrine, lacustrine and fluvial parent 
materials could be deep plowed and that residual bedrock material 
should not be Bee plowed, especially if it is sodic. These parent 
materials were rated as having none to slight limitations and severe 
limitations, respectively. Even though a parent material may be 
rated as having none to slight limitations, it may have to have its 
rating lowered if it shows saline, gleyed or other adverse tendencies. 
A calcium content of greater than 20 meg/f in the C horizon, which 
usually indicates the presence of calcium in the gypsum form, is 
considered necessary for the success of deep plowing (Sandoval 1979). 
Therefore, if a soil has greater than 20 meg/f of calcium, it is given 
a none to slight limitation, if it has less than 20 meg/ of calcium, 
then it is given a moderate to severe limitation. No severe limita- 
tion was given as it has been shown by the Soil Branch of Alberta 
Agriculture that some Solonetzic soils will show a good response to 
deep plowing with less than 20 meg/f of calcium in the C horizon 
(Hermans 1980). 

Cairns (1978) has stated that for good seedbed preparation in a 
Solonetzic soil the surface horizon should have a Ca/Na ratio of 
greater than 4:1. The assumption was made that the chemical con- 
ditions that make for a good seedbed could also be those for a good 


subsoil condition. Therefore a soil with a Ca/Na ratio of greater 
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than 4:1 in the surface horizon would be rated as having a none to 
slight limitation and Z soil with a Ca/Na ratio of less than 4:1 
would have a moderate to severe limitation. 

Hermans (1980) states that a soil with a pH of less than 6 in the 
surface horizon should benefit from the liming effect associated with 
deep plowing. This fact has also been mentioned in a good deal of 
the early Russian literature on deep plowing. Therefore any soil 
with a surface pH of less than 6 should respond well to this liming 
effect and be given a none to slight limitation. A soil with a sur- 
face pH of greater than 6 is given a moderate limitation as there is 
usually sufficient amounts of calcium already present in the soil. 
It should be kept in mind that although a wheel-move plow is consid- 
ered to be the plow used, where the topsoil is being placed back on 
top of the B and C horizon, the subsurface horizon is rough enough 
that the topsoil will filter into it to give sufficient contact be- 
tween the soils for the liming action to be effective. Subsequent 
discing operations will ae help to increase the contact between 
the subsoil with its higher pH and the topsoil. 

These soil landscapes correspond to the soil drainage classes in #4. 
That is those soil landscapes that are commonly found in the better 
drained situations are rated as having a none to slight limitation. 
Generally speaking these soil landscapes include Chernozemic or 
Solonetzic Chernozems in the upper slope positions with Solonetzic 
soils occupying the midslope positions. Soil landscapes rated as 
having a moderate degree of limitation are those occupying the 
lower slope positions or depressional areas where the water is 


removed sufficiently slowly in relation to the supply to keep the 
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soil wet for a significant part of the growing season. Alkaline 
Solonetz and Gleysolic soils are given a severe rating as they occupy 
poorly and very poorly drained areas where the soils remain wet for 

the greater portion of the time that the soils are not frozen. These 
separations are theoretical in nature based on other researchers' work 
on the occurrence of Solonetzic soils in a soil landscape (Figure 1) and 
the author's experience of soil positions in a landscape and their 


relationship to a particular internal moisture regime. 
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’ RESULTS AND DISCUSSION 


Description of Soilscape Groups and Soil Units 


The following are descriptions of the soilscape groups and soil 
units as mapped in the study area. For the location of the soil units. 
within the study site refer to the soils map at the back of this 


report. 


Soilscape Group A 


The soils of this group are dominantly Orthic Dark Gray with 
Significant inclusions of Eluviated Black and Dark Gray Luvisols, all 
developed on clayey till parent material. They are located in the 
northeast corner of the study area (SE 28, Tp 49, R 24, W4th) on the 
crest and northeast facing slopes of the northwest to southeast oriented 
moraine bordering Saunders Lake. The moraine is characterized by an 
undulating surface expressionon the crest and rolling to hummocky sur- 
face expression on the side slopes. The slopes vary from 5-15% from the 
crests to the flanks with eroded knolls occurring on the cultivated 


hummocks. 


The Orthic Dark Gray soils of the crest and upper slope positions 
have an Ap/Ah horizon of variable thickness, ranging from 15 to 25 cn. 
The Eluviated Black soils found on the crest have thicker Ap/Ah 
horizons (25 to 38 cm) with intermittent Ae horizons, while the Dark 
Gray Luvisols on the northeast flank have thinner surface horizons 


(10 to 15 cm) with a pronounced continuous Ae horizon. 


The dominant soils of this group have at least 15 cm of C horizon 
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material which occurs at a depth of 75 cm and are well drained. The 
surface pH averages 6.3, witha soluble Ca/Na ratio from 6.0 to 6.5 and 
a calcium content from 8.1 to 8.7 meq/2 in the C horizon. (Detailed 
descriptions of criteria to be considered when deciding whether or not 
to deep plow, for all soil units described in this section, appear in 


Appendix 4). The soils of this soilscape group are medium textured. 


This soilscape group includes two soil units, Al and A2 (Figure 3). 
Soil Unit Al is located on the more gently sloping crest area with Soil 
Unit A2 occurring on the rolling to hummocky northeast facing flank. 
Although each unit occurs as one polygon on the map they are significantly 
different from the rest of the soil units of the area. Differences in 
the microclimate and vegetation are reflected in differences in the 


Significant components of the units. 


Soil Unit Al 


Orthic Dark Gray soils are the dominant soil of this unit and 
occupy .the relatively cooler, more moist positions. These soils 
correlate to the Falun soil series as described by Bowser et al (1962). 
Eluviated Black soils which comprise the significant component occupy 
the higher recharge position of the unit. This unit occupies the upper 


slope to crest positions of the landscape (Figure 3). 


Presently this unit is being utilized as pastureland. 


Soil Unit A2 


This unit is similar to Unit Al in its dominant component but in 
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FIGURE 3: Landscape Position of Soil Units Al and A2 
within Soilscape Group A. Soil subgroups 
are designated by accepted abbreviations 
(Canada Soil Survey Conmittee 1978). 


O.BL 


M.C. 


FIGURE 4: Landscape Position of Soils within Soil Unit Bl 
(M.C. designated various minor components as 
described in the text). 
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this case Dark Gray luvisols camprise the significant component. The 
Orthic Dark Gray soils are found on the tops of eroded knolls and 

warmer upslope positions while the Dark Gray Luvisols occupy the rela- 
tively cooler, more moist lower slope positions. This unit occurs. in 


the mid to lower slope positions of the area on rolling to hummocky 


topography. 


Presently the more gently sloping portions of this unit are under 
cultivation and seeded to cereal crops. On the steeper slopes leading 
down to Saunders Lake the land has been left in a treed state dominated 


by Aspen Poplar and White Spruce. 


Soilscape Group B 


Orthic Black and Eluviated Black soils developed on clayey- 
skeletal till are the dominant soils of this group. The members of this 
group occur extensively throughout the study area with the exception of 
the southeast corner which is an area of soils development primarily on 
glacio-lacustrine and residual bedrock parent material. The topography 
associated with this group ranges from level to hummocky with slopes 0.5 


to 9%. 


The dominant soils of this group are well to moderately well 
drained with the significant soils being imperfectly drained. The minor 
soil inclusions within soil units of this group vary from well drained 
Chernozemic soils to poorly drained Gleysolic soils. The surface hori- 
zons of the Orthic and Eluviated Black soils vary in thickness from 10 


cm in the upper slope positions to 30 cm in the lower slope positions. 
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The surface pH's of the dominant soils within this group vary 
from 5.9 to 6.4, the Ca/Na ratios from 4.4 to 8.5 and the calcium con- 
tent in the C horizon from 4.1 to 6.5. The depth of C horizon material 


within plow depth ranged from 5 to 35 cm. 


Presently soils within this soilscape group are used primarily for 


the production of cereal crops. 


Soil Unit Bl 


Orthic Black soils occupying the relatively drier mid to upper 
Slope positions comprise the dominant component of this unit. Eluviated 
Black soils which have developed in the lower slope positions where 
accumulation of snowmelt and surface PIGOEE have leached the soil 
sufficiently to enhance the development of an Ae horizon, and Gleyed 
Black, Rego Black, Glaved Rego Black and Orthic Humic Gleysols which 
develop in depressional (pothole) areas within the unit comprise the 


minor component of this unit (Figure 4). 


The surface horizon of these soils which are medium textured is 
variable in thickness ranging from 15 to 25 cm for the dominant soils 


to 10 to 15 cm for the soils of the minor component. 


Soils of this unit are presently being utilized for cereal pro- 


duction. 


Soil Unit B2 


Medium-textured Eluviated Black soils developed in the better 
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drained upslope positions are dominant in this unit. Gleyed Eluviated 
Black soils and Rego and Orthic Humic Gleysols developed on poorer 
drained fine-textured recent alluvium comprise the minor component of 
this unit (Figure 5). The latter occupy the lower slope to depres- 


sional areas within the unit. 


The surface horizons of the Eluviated Black soils ranged in thick- 


ness from 15 to 25 cm. 


This unit occurs in association with other Chernozemic, Solonetzic 
‘or Gleysolic soil units but does not occur in association with any 


particular soil unit. 


Soil Unit B3 


Orthic Black soils, similar to those of unit Bl and occupying the 
mid to upper slope positions, are dominant in this unit. Black Solonetz 
and Gleyed Eluviated Black soils are the significant and minor compon- 


ents, respectively, of this unit (Figure 6). 


This unit is not extensive. It occurs primarily in association 
with units B2 and B4 both of which have well-drained Eluviated Black 
soils as their dominant component and both occur at higher elevations 


than unit B3. 


Soil Unit B4 


Medium-textured Eluviated Black soils which are dominant in this 


unit occupy the mid to upper convex slope position where internal soil 
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FIGURE 5:- Landscape Position of Soils within Soil Unit B2 
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FIGURE 6: Landscape Position of Soils within Soil Unit B3 
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drainage is better. Gleyed Eluviated Black soils which have developed 
in poorer drained lower slope positions, comprise the significant com- 
ponent, and carbonated Eluviated Black and Gleyed Eluviated Black soils 
and Orthic Black soils, occupying depressional areas within this unit, 


comprise the minor component (Figure 7). 


Unlike any other unit within this soilscape group, these soils 
have developed on a sandy clay loam to sandy loam-textured fluvial 


veneer (45-65 cm) overlying clay loam-textured till material. 


This unit is not widespread throughout the study but due to its 
unique nature it has been separated from other units. It occurs in 
association with other Chernozemic soil units but not with any particular 


unit. Within the study site this unit is located in old drainage ways. 


Soil Unit B5 


Orthic Black and Eluviated Black soils comprise the dominant com- 
ponent and occupy the mid to upper slope positions of this unit. Gleyed 
Black and Gleyed Eluviated Black soils constitute that portion of the 
minor component developed on till similar to that of the dominant soils. 
The remainder of the minor component, Rego Humic Gleysols, carbonated, 


have developed on fine to medium-textured recent alluvium (Figure 8). 


Soil unit B6 is widespread throughout the study site and occurs in 
association with other Chermozemic units (Bl and B2), as well as, Gley- 


solic and Solonetzic soil units. 
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FIGURE 7: Landscape Position of Soils within Soil Unit B4 


FIGURE 8: Landscape Position of Soils within Soil Unit B5 
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Soil Unit B6é 


Similar to Unit B5, Orthic Black and Eluviated Black soils comprise 
the dominant component of this unit. The soils of the minor component 
(Black Solonetz, Black Solodized Solonetz and Solonetzic Black soils) 
indicate the variable sodium concentration in the groundwater in the area ~ 
where this unit is located. It is a result of the effect of this sodic 
groundwater on soil development that this unit was separated from unit 


BS. 


The catenary sequence of this unit shows that the Orthic Black and 
Eluviated Black soils develop in the better drained middle and upper 
slope positions. As the presence of sodium in the groundwater becomes 
increasingly dominant, the soils change from the Orthic Black and 
Eluviated Black soils of the mid to upper slope position to Solonetzic 
Black soils in the lower slope position to the Black Solonetz and Black 


Solodized Solonetz found in the level to depressional areas of this unit 


(Figure 9). 


This unit occurs primarily in the transition zone between the 
areas of predominantly Chernozemic soil units and those of predominantly 


Solonetzic soil units. 


Soil Unit B7 


Eluviated Black soils developed on a till veneer overlying 
residual bedrock material, which Kjearsgaard (1980) refers to as "soft 


rock", comprise the dominant component of this unit (Figure 10). The 
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FIGURE 9: Landscape Position of Soils within Soil Unit B6 
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FIGURE 10: Landscape Position of Soils within Soil Unit B7 
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lithological discontinuity in the profile occurs at a depth of 35 to 40 
cm from the surface and is marked by the appearance of weathered bedrock 
in the profile. This unit abutts an area of predominantly till material. 
As result, pockets of till show up in this unit. These are accounted 
for in the minor component of this unit, which is comprised of Orthic 


Black soils developed on till. 


This unit occurs in a topographically lower position than units 
with which it is associated, the latter are usually developed on till 


material. This relationship explains the till veneer. 


This unit is found in association with unit B2 and as well may be 
bordered by Gleysolic soil units developed on lacustrine material. The 
areal extent of this unit is not large and occurs in isolated locations 
throughout the study site but are significantly different in mode of 


deposition and require separation. 


Soilscape Group C 


Similar to Soilscape Group B, the dominant soils of this group are ~ 
Eluviated Black and Orthic Black soils. This group was established to 
represent the differences in parent materials between the two, with the 
soils of Soilscape Group C being developed on stone-free clayey glacio- 


lacustrine material. 


The dominant soils of this group are fine to medium-textured and 
well to moderately-well drained. They occur on level to gentle topo- 


graphy. The remainder of the soils within this unit are similar in 
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texture but occur in the poorer drained sites on level to depressional 


topography. 


Surface horizons range in thickness from 15-30 cm with a pH that 
ranges from 6.0 to 6.5. The average depth of C horizon material within 
plow depth is 5-10 cm. The calcium content in the C horizon and the 
Ca/Na ratio in the surface horizon varies from 4.1 to 6.0 and 4.5 to 9.0, 


respectively. 


Geographically the soil units of this group occur sporadically 
throughout the study site, usually in association with other Chernozemic 


or Solonetzic soil units. 


Presently these soils are used for the production of cereal crops. 


Soil nit ch 


Orthic Black soils which occur in the elevated slope positions of 
this unit comprise the dominant component. The lower slope positions 
where Solonetzic soil processes are dominant are occupied by Black 


Solonetz, the minor soil component (Figure 11). 


This unit is not extensive and occurs in small isolated locations 
in association with other Chernozemic soil units (B3 and B5) as well as 


Gleysolic and Solonetzic soil units. 


Soil-Unit C2 


Similar to soil unit B5, the dominant soils of this unit are 


Orthic Black and Eluviated Black soils while the minor component soils 
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FIGURE ll: Landscape Position of Soils within Soil Unit Cl 
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FIGURE 12: Landscape Position of Soils within Soil Unit C2 
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are Gleyed Black and Gleyed Eluviated Black soils and Rego Humic Gley- 
sols, carbonated. The dominant soils are well to moderately-well 

drained and occur on level to gently undulating topography. The minor 
component soils are poorly drained and develop on level to depressional 


topography (Figure 12). 


There is a considerable amount of variability in surface horizon 
thickness with the depressional areas usually having slightly thicker A 


horizons due to the overland movement of topsoil by water. 


Like unit Cl, this unit is not widespread throughout the study 


Site and occurs primarily with other Chernozemic soil units. 


Soilscape Group D 


The dominant soils of this group belong to the Solonetzic soil 
order. The separation of this group from Soilscape Groups E and F is 
based on parent material. Soils of Soilscape Group D are developed on 


clayey-skeletal calcareous till material which may be saline. 


Soil units belonging to this group occur throughout the study site 
on ground moraines with slopes ranging from 1-5%. The majority of the 
units though occur in the south-central and southeastern sections of the 


study area where Solonetzic soils are dominant. 


The thickness of the Ap/Ah horizon and the depth to C horizon 
material associated with these units is variable. Generally there is a 
greater thickness of Ap/Ah horizon (15-20 cm) and a greater depth to C 


horizon material (30-40 cm) associated with the Black Solonetz and 
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Black Solods of this unit than the Black Solodized Solonetz which have a 
relatively thin surface horizon (5-10 cm) with the C horizon material 


appearing at a depth of less than 30 cn. 


Internal drainage is variable, ranging from poorly and imperfectly 
drained to moderately well and well drained, medium-textured soils. at 
Within the dominant soils of this group surface pH varies from 6.0 to 
6.6, the calcium content (meg/f) in the C horizon from 5.6 to 21.4 and 


the Ca/Na ratio in the surface horizons from 0.3 to 4.5. 


Land use on soils of this group varies from cereal production to 


pasture. 


Soil Unit Dl 


The dominant soils of this unit are a complex of Black Solods and 
Solonetzic Black soils occupying mid to upper positions. Eluviated 
Black soils and Gleyed Black Solods and Black Solonetz, occupying the 
upper slope and level areas within the unit comprise the significant and 


minor soil components of this unit, respectively (Figure 13). 


This unit appears as a transitional unit between areas of primar- 
ily solonetzic soils and those of chernozemic soil and as such is not 
widespread. It occurs in close proximity to several of the deep plowing 


Sites within the study area. 


Soil Unit.D2 


Black Solonetz, occupying the mid to lower slope positions, com- 
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FIGURE 13: Landscape Position of Soils within Soil Unit Dl 
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FIGURE 14: Landscape Position of Soils within Soil Unit D2 
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prise the dominant component of this unit. Similar to unit Dl Eluviated 
Black soils, occupying the upper slope positions, comprise the signifi- 
cant component of this unit (Figure 14). However, unlike unit Dl this 
unit shows up in several different locations and is not restricted 
entirely to the transition zone between the two different soil orders. 
Soil Unit B3 which has Solonetzic soil inclusions is the unit most 


often found in association with unit D2. 


Soil Unit D3 


Black Solonetz, occupying the mid to lower slope positions, com- 
prise the dominant soils of this unit. Orthic Black and Eluviated Black 
soils in the upper slope positions and Orthic Humic Gleysols, which may 


show signs of salinization, in the depressional areas of this unit com 


prise the significant and minor soil components, respectively (Figure 15). 


Cultivation and the subsequent disruption of the Ae horizon make 
it difficult to assess whether or not both of the soils of the signifi- 
cant component exist in this unit and in what portion. To compensate 


for this, they have been described as a complex. 


This unit occurs in the southern half of the project area in 
association with both Chernozemic and Solonetzic soil units such as Bl, 
B6, D4 and D5. When this unit occurs with chernozemic units they occupy 


topographically lower positions. 


Soil Unit D4 


Black Solonetz, occupying the slightly drier level areas within 
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this unit, comprise the dominant component. The minor component, 
occupying the wetter depressional areas, is a complex of Black 
Solods, Gleyed Black Solods, Alkaline Solonetz and Orthic Humic Gleysols, 


carbonated (Figure 16). 


The dominant soils of this unit are morphologically Similar to 
those of units E2 and Fl. The basis for separation is on the kind of 


parent material. 


This unit is widespread throughout the study site and occurs in 
association with Chernozemic, Solonetzic or Gleysolic soil units. Units 


B6, Dl, D5 and G2 are found in conjunction with this unit. 


When in association with Chernozemic soil units, soils of this 
unit occupy topographically lower positions, while in association with 


Gleysolic soil units they occupy slightly higher topographic positions. 


Soil Unie DS 


Black Solodized Solonetz, occupying the mid-slope positions, cam- 
prise the dominant soil component of anes Solonetzic Black soils, 
located in the upper slope positions and Black Solonetz located in the 
lower slope to level positions comprise the significant and minor soil 


components, respectively (Figure 17). 


This unit occurs in several locations in areas of both 
Chernozemic and Solonetzic soil units. The dominant soils are morphol- 
ogically similar to those of unit D3, both of which show a shallow pro- 
file (often less than 30 cm) overlying a calcareous, sometimes saline, 


parent material. 
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FIGURE 17: Landscape Position of Soils within Soil Unit D5 
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FIGURE 18: Landscape Position of Soils within Soil Unit El 
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Soilscape Group E 


The dominant soils of this group belong to the Solonetzic soil 
order. They are developed on stone-free clayey glacio-lacustrine 


material. 


The soil units of this group are found predominantly on level to 
gentle slopes in the southeast portion of the study site. Soils of unit 


E3, however, develop in depressional areas. 


The thickness of the medium-textured Ap/Ah horizons is variable 
ranging from 3-10 cm for the Black Solodized Solonetz, to 7-12 cm for 
the Black Solonetz to 10-20 cm for the Alkaline Solonetz which receive 
soil additions from overland runoff. All of the dominant soils are 
characterized by a relatively shallow depth to a calcareous C horizon, 


usually within 45 cm of the surface. 


The pH of the surface horizons ranges from 6.1 to 6.2, the Ca/Na 
ratio from 0.4 to 8.0, and the calcium content (meg/f) in the C horizon 
from 7.0 to 23.1. Alkaline Solonetz, which are the dominant soil of 
unit E3 have the highest Ca/Na ratio and highest calcium content (meq/) 


in the C horizon of any of the Solonetzic soil units. 


The internal drainage of the dominant soils range from imperfectly 
drained Alkaline Solonetz to moderately well to well drained Black 
Solonetz and Black Solodized Solonetz. The Alkaline Solonetz are found 


in discharge areas. 


Soil units of this group occur primarily in association with other 


Solonetzic soil units. Presently soils of this group are being utilized 
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FIGURE 19: Landscape Position of Soils within Soil Unit E2 


FIGURE 20: Landscape Position of Soils within Soil Unit E3 
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as pasture. 


Soil Unit El 


Black Solodized Solonetz, occurring on level to nearly level 
Slopes, comprise the dominant soils of this unit. Gleyed Black Balpdtecs 
Solonetz, occurring in depressional areas within this unit, are the minor 
inclusions (Figure 18). They are subject to significant annual fluctu- 
ations of the water table within their solum, that result in the develop- 


ment of mottles within the profile. 


Geographically within the study area this unit is found mainly 
around the townsite of Kavanagh, and is associated with units Bl, D2, D3, 


Fl, G3 and G4. 


pola Uric BZ 


Black Solonetz are the daminant soils of this unit. The minor 
component is a complex of Gleyed Black Solods, Black Solods, Alkaline 
Solonetz ‘and Orthic Humic Gleysols, carbonated, found in the depressional 
areas of this unit (Figure 19). ‘The nature of the soils comprising the 
minor component indicates the variable salt content of the groundwater 
in this area. Consequently, this unit will occur in association with 
soil units dominated by soils of other orders. Similar to unit El this 
unit does not occur with any particular unit but is found in association 


WEL nits be, Bo, 2. DL, 02703; D4, Fl, G2 and. C4. 


Soil Unit E3 


The dominant soils of this unit are Alkaline Solonetz, occupying 
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depressional areas within this unit. Occupying the drier upslope 
portions of the unit are Orthic Black soils and Black Solodized Solonetz, 


which comprise the minor component (Figure 20). 


This unit is located in the northeast corner of the study site in 
an area of Chernozemic soil units. This association is indicated by the 


presence of Orthic Black soils as part of the minor component. 


The Alkaline Solonetz of this unit is characterized by a dark 
organically stained solum. The staining is a result of a large concen- 
tration of sodium salts, in the profile, dissolving the organic matter 


which is subsequently leached down the profile. 


This unit is found in association with units Bl, B6, D4 and E2. 


Soilscape Group F 


Similar to Soilscape Groups D and E, the dominant soils of this 
group belong to the Solonetzic Soil Order. The soils of this group, 
however, are developed on clayey-skeletal residual bedrock material, 
which appear as small fragments of weathered bedrock throughout the 
lower portion of the soil profile. The internal drainage of soils within 
this group ranges from poorly drained in the depressional areas to well 


drained in the upper slope positions. 


The surface expression of the land associated with this group is 
similar to that of Soilscape Groups C and E which developed on glacio- 
lacustrine materials. Soils of this group are found in the southeastern 


portion of the study area, an area of predominantly glacio-lacustrine 
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material, where bedrock is near the surface. 


The dominant soils of this group are medium-textured and moderately 
well drained. Surface horizon pH's vary from 6.2 to 6.5, the Ca/Na ratio 
from 0.8 to 5.1 and the calcium content (meg/f) in the C horizon from 
11.2 to 13.1. The depth to C horizon material is approximately 20 cm 


and there is at least 15 cm of C horizon material within the normal 


depth of deep plowing. 


Soil units within this group occur mainly in association with 
other Solonetzic soil units. They do, however, occur with Chernozemic 
or Gleysolic units. When they occur with Chernozemic soil units, they 
occupy Slightly lower topographic positions; when they occur with 


Gleysolic soil units, they occupy slightly higher topographic positions. 


Scattered throughout this soilscape are pockets of till material 


occurring as slightly higher areas within a particular unit. 


Presently this land is used for pasture. 


Soil Unit Fl 


Black Solonetz and Black Solodized Solonetz, occupying the lower 
slope positions of this unit, comprise the dominant component. The 
minor component is comprised of Solonetzic Black and Eluviated Black 
soils occupying the relatively drier upslope positions 


(Figure 21). 


The dominant soils of this group are morphologically similar to 


those of soil units Dl, D2, D3, D4, D5, El and E2, however, soil profiles 
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FIGURE 21: Landscape Position of Soils within Soil Unit Fl 
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FIGURE 22: Landscape Position of Soils within Soil Unit F2 
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of this unit are usually shallowed with the calcareous parent material 


appearing at a depth of approximately 20 cn. 


This unit is restricted to the vicinity of the town of Kavanagh 


and may occur associated with soil units of other soilscape groups. 


Soil Unit F2 


Black Solods, occupying the drier better drained portions of this 
unit are the dominant soils. Gleyed Black Solods, Alkaline Solonetz and 
Orthic Humic Gleysols, carbonated, comprising the minor component of 
this unit, are developed on medium-textured till material in depression 


which occur as pockets throughout the unit (Figure 22). 


Similar to unit Fl, the Black Solods of this unit have a shallow 


solum (20 cm) over a calcareous parent material. 


This unit occurs in the transitional zone between areas of pre- 


dominantly till material and those of glacio-lacustrine material. 


Soilscape Group G 


Soilscape Group G is a compilation of soil units with the dominant 
soils belonging to the Gleysolic Soil Order. They have developed on a 


number of different parent materials. 


Soil units of this group are widespread throughout the study 
site. They occur in areas of glacio-lacustrine, till or residual bed- 
rock materials in association with Chernozemic and/or Solonetzic soils. 
These soils are found in depressional areas where the water table is 


close to the soil surface for a significant part of the year. 
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Soils of this group develop over a range of poorly-drained 
calcareous parent material, including fine to medium textured fluvial, 
lacustrine and glacio-lacustrine materials. This material may be saline 


and mottles are common through the solun. 


While the dominant soils are Gleysolic there are inclusions of 


Chernozemic soils occupying the better drained portions of the soil units. 


Horizon thickness and depth to parent material are variable but are 
often similar to the zonally normal soil surrounding them. Chemical data 
are not available for these soil units as they are considered to already 


have severe limitations due to poor internal drainage. 


Soils of this group are left as pastures. 


Soil Unit Gl 


The dominant soils of this unit are Rego Humic Gleysols developed 
on loamy fluvial material. The minor component is comprised of Gleyed 
Eluviated Black soils developed on loamy fluvial material overlying 


clayey-skeletal till material. 


The soils of this unit occupy areas that appear in the field as 
old stream channels where running water had slowed down and deposited 
its material. These areas may be flooded in the early part of the year. 
This results in a situation where the bottom and lower slopes of these 
channels are covered by a veneer of coarse-textured fluvial material 
overlying till. In the mid to upper slopes, the fluvial veneer is 


thinning out and the underlying till, which is prevalent in the area, is 
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beginning to appear. The soils are progressing toward the zonally normal 


soils at this point (Figure 23). 


The Rego Humic Gleysols of this unit have a variable Ah horizon 


thickness ranging from 17-45 cm overlying a calcareous parent material. 


Soil Unit G2 


Humic Iuvic Gleysols developed on fine to medium—textured fluvial 
material comprising the dominant component, occupy the depressional 
areas within this unit. The minor component is a complex of Gleyed 
Black and Gleyed Eluviated Black soils developed on fluvial material 


occupying the slightly better drained areas of the unit (Figure 24). 


This unit is not extensive. It occurs primarily in the northeast 
corner of the study site in association with the soil units of Soilscape 


Group A. 


As with soil unit Gl, this unit occurs primarily in association 


with Chernozemic soil units. 


Soil Unit G3 


Orthic Humic Gleysols and Rego Humic Gleysols, saline, developed 
on clayey lacustrine material, comprise the dominant and minor components 
of this unit, respectively (Figure 25). These soils have developed in 
depressional areas where water has ponded and deposited its sediment. 
Soils of the minor component show evidence of saline conditions with the 


presence of salt crystals in the lower horizons. However, they occur in 
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FIGURE 23: Landscape Position of Soils within Soil Unit Gl 
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FIGURE 24: Landscape Position of Soils within Soil Unit G2 
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only minor amounts within this unit. - 


This unit is not extensive and occurs in the transition zone 
between areas of Chernozemic and Solonetzic soils. It is found in 


association with units B3, B4, D2, D5 and El. 


Soil Unit G4 


Similar to soil unit Gl, the dominant component of this unit is 
comprised of Rego Humic Gleysols. Orthic Humic Gleysols comprise the 
Significant component of this unit. Both are developed on clayey glacio- 


lacustrine material in depressional areas within the unit (Figure 26). 


These units, like unit G3, are located in the transition zone 


between areas of Chernozemic and Solonetzic soils. 


Soil Unit G5 


Orthic Humic Gleysols developed on loamy fluvial deposits comprise 
the dominant component of this unit. Rego Humic Gleysols constitute the 
significant component, while Rego Gleysols and Gleyed Black soils com- 
prise the minor component; all developed on loamy fluvial material 


(Figure 27). 


The Gleysolic soils of this unit occur in the depressional portions 
of the landscape associated with this unit while the Chernozemic member 
of the unit occurs in the upper slope positions where internal drainage 


is better. 
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FIGURE 25: Landscape Position of Soils within Soil Unit G3 
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FIGURE 26: Landscape Position of Soils within Soil Unit G4 
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This unit is not widespread. It occurs in only one location as an 
abandoned stream channel traversing several sections of land. Asa 
result it comes in contact with a number of Chernozemic soil units (Bl, 


B2, B5 and B6). 


Soilscape Group H 


Organic soils dominate this group. They form in relatively cool, 


wet, depressional areas and are poorly drained. 


Chemical data are not available for this unit as it was consid- 


ered as having severe limitations due to poor internal drainage. 


Soil Unit HL 


Typic Mesisols are the dominant soils of this group. They form in 
the bottom of depressional areas. Terric Mesisols comprise the signifi- 
cant component. They have developed at the edges of the depression. 

Both soils are characterized by having 70-90 cm of moderately decomposed 
organic matter in their middle and surface tiers. In the case of the 


Terric Mesisol it overlies fine textured mineral material (Figure 28). 


These soils have little agricultural value and are presently being 


utilized for pasture. 


They occur in only one location in the study site and are 


surrounded by Chernozemic soils. 
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FIGURE 27: 


FIGURE 28: 


Landscape Position of Soils within Soil Unit G5 


Landscape Position of Soils within Soil Unit Hl 
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Miscellaneous Land Features 


Several units have been mapped as misret lances land features. 

They are as follows: 

(1) Intermittent Slough (I) — These are sloughs that have standing 
water in them for a short period of time during the growing season 
but are sufficiently wet the remainder of the year to prevent them 
being utilized as cropland; 

(2) Permanent Sloughs (P) -—- These are sloughs where water remains for 
the entire growing season during a normal year; and 

(3) Anthropogenic Soils (Ap) -- These units were established to 
recognize deep plowing sites within the study area. These plots 
have been established in conjunction with research on deep plowing 


by Alberta Agriculture. 


Description of Soil Transects 


Three soil transects (Figure 29) were described within the study 

“area. These included: 

(a) Chernozemic soils developed on till, in the upper areas to Solonetzic 
soils developed on glacio-lacustrine materials in the lower areas 
(A- A‘), 

(b) Chernozemic soils developed on till in the upper areas, to Solonetzic 
and Chernozemic developed on till in the mid-slope areas to Solonetzic 
soils developed on fluvial/till in the lower areas (p-Bl), and 

(c) Chernozemic soils developed on till in the upper areas to Chernozemic 
and Solonetzic soils developed on glacio-lacustrine material in the 


mid to lower slope position to Solonetzic soils developed on 
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1 Reference number for analtyical data in Appendix 2. 
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FIGURE 29: Schematic diagram of selected toposequences within 
the study site 
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residual bedrock material in the lower slope positions (c-cl )< 


(Analytical data for these toposequences are in Appendix 2). 


The toposequences within these transects are similar to those 
described by Pawluk, Joffe, and Bentley and Rost (Figure 1) in that in 
areas where Solonetzic soils are found the zonally normal soils which 
in the case of the study area are Chernozemic soils, occupy the higher, 
better drained areas while the mid to lower areas are occupied by 
Solonetzic soils or gleyed versions of the zonally normal soils. Using 
this relationship it should be possible to assess the degree of limit- 
ation to deep plowing a soil represents by knowing where in the land- 
scape that particular soil(s) occurs. Chemical relationships could also 
be used. Using the data from Appendix 2 it is shown for soils in the 
study area that generally as one goes downslope from areas of Chernozemic 
soils to areas of Solonetzic soils, chemical characteristics nf the snil 
changes; electrical conductivity, percent saturation, sodium adsorption 
ratio, sodium content and soil pH all increase whereas the calcium 
content decreases. This information in conjunction with the assessment 
guidelines outlined in Table 2 should indicate the likely degree of 


limitation to deep plowing these areas. 


Application of Assessment Guidelines for. Deep Plowing to: Mapped ‘Soil 
Units 


The guidelines (Table 2) were tested using soil units mapped 
within the study area. Each soil unit was assessed as to its degree of 
limitation for the eleven criteria outlined in Table 3. All soil units, 


except those of Soilscape Groups G and H which were already given a 
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severe rating due to poor soil drainage, were given a final assessment 
based on that characteristic(s) that had the greatest degree of limit- 
ation to deep plowing (Table 4). In the case of unit Fl, it was given 
a severe degree of limitation due to the type of parent material, whereas 
unit El was given a moderate to severe limitation based on three char- 
acteristics; thickness of C horizon material within the normal depth of 
deep plowing, the calcium content in the C horizon and the Ca/Na ratio 


in the surface horizon. 


All the soil units tested in the study area were listed as having 
either a moderate to severe or severe degree of limitation with the 
thickness of C horizon material within plow depth and the calcium content 


of the C horizon being the most conmon limitation. 


Slope length, surface stoniness, soil drainage, soil texture, 
soil pH and soil landscape (with the exception of unit E3) had the least 
limiting effect on the soil units tested. Limitations of those soil 
units that had Chernozemic soils as the dominant component were due 
primarily to physical conditions such as adverse slopes and/or in- 
sufficient thickness of C horizon material within plow depth. The 
Chernozemic soils generally had deeper profiles than Solonetzic soils, 
the exceptions being units B4 and B6 where insufficient calcium in the 
C horizon was the major limitation. Limitations for those soil units 
that had Solonetzic soils as the dominant component were due primarily 
to chemical conditions; the exceptions being units E3, Fl and F2 where 
adverse soil landscapes and parent material, respectively, were the 


limitations. 
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TABLE 4: Suitability of Soil Units in the Leduc Study Area 
for Deep Plowing 


DEGREE OF 
LIMITATION 


Ss 
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REASON FOR LIMITATION 
Thickness of C horizon 
slope class 


Thickness of C horizon 
slope class 


Thickness of C horizon 
calcium content 


Thickness of C horizon 
calcium content 


Thickness of C horizon 
calcium content 


Calcium content 


Thickness of C horizon 
calcium content 


Calcium content 


Thickness of C, horizon 


within plow depth, 
within plow depth, 
within plow depth, 
within plow depth, 


within plow depth, 


within plow depth, 


within plow depth, 


parent material, calcium content 


Thickness of C horizon 
calcium content 


Thickness of C horizon 
calcium content 


Calcium content 

Ca/Na ratio 

Calcium content, Ca/Na 
Calcium content, Ca/Na 
Calcium content, Ca/Na 


Thickness of C horizon 
calcium content, Ca/Na 


Calcium content, Ca/Na 
Soil landscape 

Parent material 

Parent material 

Soil drainage 

Soil drainage 

Soil drainage 

Soil drainage 

Soil drainage 

Soil drainage 


within plow depth, 


within plow depth, 


ratio 
ratio 
ratio 


within plow depth, 
ratio 


ratio 
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All the soil units are rated as moderate to severe or severe in 


their degree of limitation. This is due to the generality of the chemical 


criteria used, especially the calcium content of the C horizon. One must 


recognize that the application of the guidelines to a soil unit are not 


Site specific due to variability within a unit. 


Practical Considerations: 


Each soil unit or eb of units should be assessed individually 
before making a decision whether or not to deep plow as physical and 
chemical variability will occur within similar soil units. This is 
the case for soil texture. All the soil units assessed had moderate 
degrees of limitation. However, within individual units there could 
be variations in texture. This is especially true for those units 
(B4 and B7) that have developed on fluvial materials or have a 
lithological discontinuity within the profile. 

Due to poor internal drainage the minor inclusions of the following 
soil units should not be deep plowed if possible: Bl, B2, B5, C2, 
D3, D4, E2 and F2. 

Due to imperfect internal drainage, caution should be taken when 
deep plowing the minor inclusions of the following soil units: B2, 
B3, B4, Dl and El. 

Due to excessively moist soil conditions associated with Soilscape 
Groups G and H, deep plowing should be avoided on these soils. 
Caution should be exercised when deep plowing units Fl and F2 to 


avoid incorporating sodic bedrock into the soil solum. 
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CONCLUSION 


This research project was intended as a study to develop a system 
for assessing soil-landscape suitability for deep plowing. This system 


was tested on soil units mapped within a study site near Leduc, Alberta. 


Although it is the author's belief that this project was success- 
ful from the standpoint of the establishment of a set of general criteria 
for the assessment of soil suitability for deep plowing, there are areas 
where more research is needed. Possible considerations include the 
effect of changes in slope aspect and agro-climatic zone on soil-landscape 
limitations to deep plowing, the inclusion of S.A.R. values in the assess- 
ment guidelines as an indication of an active discharge or relic feature 


and the effect of deep plowing on non-Solonetzic soils. 


For such a guideline to be effective the chemical data should also 
be refined. The value of 20 meg/f of calcium in the C horizon may pro- 
vide in itself insufficient data on the degree of limitation present 
without Ssisiceeeeian being given to chemical data for the B horizon. 

Less than 20 meg/f of calcium could be a none-to-slight limitation depend- 
ing upon the chemical status of the B horizon. The question which arises 
is, "If a soil is tested as having 19 meq/f or 21 meg/f of calcium in the 
C horizon, what degree of limitation is present?" More data are also 
required on the chemical composition of the B and C horizons that will 
prevent resealing of the mixed subsoil after deep plowing and produce a 


condition conducive to good root growth. 


As pointed out in the Literature Review, a technical classification 
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system, as outlined by Bartelli (1978), rates all the criteria in a set 
of guidelines as being of equal importance. For a study such as this 
perhaps criteria should be assigned a erie ee rating in regards to their 
importance to deep plowing. For example, the calcium content (meg/f) in 
the C horizon could be considered as being less important to deep plowing 
than the thickness of the C horizon within plow depth. This approach 
could reduce the degree of limitation assigned to a unit such that soil 
units B4, B6 and pl: might have a moderate degree of limitation instead of 


a moderate to severe degree of limitation. 


Another consideration is the scale of mapping. Using the soil 
unit approach to mapping, at a scale of 1:15840, there may be too much 
variability allowed in individual soil units for the application of guide- 
lines of this type to be effective. Perhaps mapping at a larger scale 
would produce units with less variability. However the distribution of 
different kinds of soils in Solonetzic soil landscapes is often erratic 
and one kind of soil changes to another over very short laterial 
distances. Therefore even at larger map scales, many map units would be 
complexes and continue to have great variability. Finally on larger 
scale maps, individual fields may include a number of map units which 


would have to be considered together when management decisions are made. 


More study is required on the hydrological effects of deep plow- 
ing. One concern is whether or not cultivation of soils in the midline 
position will enhance the development of a localized discharge situation 
or the creation of a perched water table at the depth of maximum plow 
penetration. This concern could prove unfounded if the fine texture 


associated with the subsoil of Solonetzic soils could absorb and buffer 
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the effects of any excess water in the profile. 


Post plowing management is also an area requiring further research, 
especially the effects of injecting soil amendments, such as gypsum, into 


the subsoil as it is mixed to speed up the amelioration process. 


The guidelines established in this study are a compilation of the 
presently available data. As more information becomes available from on- 


going research, these guidelines will have to be modified. 
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APPENDIX 1 


The following is a list of Pedon descriptions outlining the 
physical, chemical and landscape characteristics of the major soils 
within the project area. They are to be ceed as a central concept for 
the description of similar soils. Hence, there will be variability 
from the following described profiles regarding soil morphological 


characteristics. 


The format that will be used for the profile descriptions is 
the one described on page 139 of "The Canadian System of Soil Classi- 
fication," C.D.A. Publication 1646, 1978. The terminology used is that 
outlined in "The Canada Soil Information System - Manual for Describing 


Soils in the Field, 1978." 
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FIGURE 30: 


Sketch Map Showing Locations of Pedons Described 
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FIGURE 31: 


i, 


3B, 8B 


Sketch Map Showing Locations of Selected Variants to 
Profile Descriptions 
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MAP REFERENCE No. 1 (FIGURE 30 ) 


Classification: Orthic Dark Gray Chernozem 
Parent Material: Glacial Till | 

Soil Units: Aly Be 

Location: SE 28, Twp 49, R 24, W4th 
Landform: Hummocky moraine 

Slope: 113% 

Aspect: N.E. 

Elevation (M.A.S.L.):- 132 


Estimated Internal Drainage: Well drained 


Land Use: Annual Crop 
Depth 
Horizon (cm. ) Description 
L-H 3-0 Ioose leaf litter 
Ap 0-22 Black (10 YR, 2/1 m), loam, granular, clear wavy 


boundary, slightly acid 


Ahe 22230 Very dark grayish brown (10 YR 3/2 m), loam, platey, 
clear wavy boundary, neutral 


Bt 30-75 Dark grayish brown (10 YR 4/2 m), clay loam, sub- 
angular blocky, clear wavy boundary, medium acid 


Cc 75+ Dark brown to brown (10 YR 4/3 m), clay loam, 


masSive, neutral 


- this soil is found in association with Dark Gray Luvisols which differ 
from it by having an Ahe horizon and an Ae horizon thicker than 5 cn. 


a 
sir: 
a 


yeti AL, Masel lg 


“alg neat Cin 4 ; 


Analytical Data for Profile Description re: Map Reference No. 1 


. ra oa! Ee 
EC % Sat ‘y, S.A.R. p 


Saturated Paste | Saturated. Paste 


Analytical Data for Selected Variants for Profile Description 
re: Map Reference No. l 


EC % Sat'r. S.A.R. Ca Na pH 
SS meg/£ 5 
Profile Saturated Paste Saturated Paste Fei Hy 
iat ~— ORTHIC DARK GRAY CHERNOZEM 
Ah 0.3 50 0.3 6.1 
Ahe 0.3 43 0.5 6.4 
Bt, 022 50 0.5 6.5 
Bt, 0.3 49 0.7 6.7 
Cc Des 50 0.8 6.5 
1B —- ORTHIC DARK GRAY CHERNOZEM 
Ah 0.3 50 0.2 6.3 
Ahe } 0.3 43 0.5 6.6 
Bt, 0.2 38 0x3 6.3 
Bt, 0.3 44 0.4 6.2 
Ck, 0.2 40 0.4 6.4 
Ck, 0.4 46 0.5 6.0 


1 - Map Reference Number (Figure 31 ) 
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MAP REFERENCE NO. 2 


Classification: 
Parent Material: 
Soil Units: 
Location: 
Landform: . 
Slope: 

Aspect: 


Elevation (M.A.S.L.): 


85 


Orthic Black Chernozems 

Glacial Till | 

Bl, WIB1, B2, B4, W1B6, B6, B8, BY, B10, D3 
2 SW 35, Twp 48, R 24, W4th 

Undulating moraine 

53 

E 
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Estimated Internal Drainage: Well drained 


Land Use: 
Depth 
Horizon (cm. ) 
Ap 0-30 
Bt 30-65 
BCk 65-75 
Ck 75+ 


Annual Crop 


Description 


Very dark gray to black (10 YR 3/1-2/1 m), loam, 
granular, clear wavy boundary, slightly acid 


Dark brown (10 YR 4/3 m), clay loam, prismatic to 
angular blocky, clear wavy boundary, medium acid 


Yellowish brown (10-YR 5/4 m), clay loam, weak 
blocky, clear wavy boundary, medium acid 


Brown (10 YR 5/3 m), sandy clay loam, massive, 
mildly alkaline 


- the same soil developed on glaciolacustrine material will have a 
Similar profile description 
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Analytical Data for Profile Description re: Map Reference No. 2 


Ca Na pH 
meq/L H.,O 
Saturated Paste 


E.C. % Sat'r S.A.R. 
Saturated Paste 


Profile 


Analytical Data for Selected Variants for Profile Description 
re: Map Reference No. 2 


2 Sat es 153 it 
Ec. 3 Sat'r S.A.R. /p ise 


Pretile Saturated Paste | Saturated Paste 52 


2A -—- ORTHIC BLACK CHERNOZEMS 


Ah 0.4 63 0.5 
Bt Oss 50 O22 
Cca Oia 47 Zao 


2B —- ORTHIC BLACK CHERNOZEM 


Ah a0 3 56 0:52 6.3 
Bt, 0.3 49 0.3 6.5 
Bt, 0.3 48 On3 67 
e 038 50 0.4 6.8 
2c -—- ORTHIC BLACK CHERNOZEM 
Ah 0.4 50 0.3 6.4 
Bt, 0.3 50 02 6.6 
Bt. 0-2 50 0.4 6.6 
Ck 0.5 46 0.4 5.9 
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E.C. $Sat'r S.A.R. a = Pp 
Profile Saturated Paste | Saturated Paste noe 
2D —- ORTHIC BLACK CHERNOZEM 
Ap/Ah 0.4 67 0.9 7.2 
Bt 0.4 50 2 8.0 
BCk 0.6 56 2.4 6.9 
Ccak 0.6 46 2.9 8.2 
2E —— ORTHIC BLACK CHERNOZEM 
Ap/Ah O25, Oe 256 4 7.2 
Btg 0.7 43 5 apee 8.1 
II Cca 3.4 50 2.5 A: 
2F -- ORTHIC BLACK CHERNOZEM 
Ap 0.2 50 0.5 6.4 
Bt, bez 57 dey 5.6 
Bt, 0.3 50 0.7 62 
BCk 0.5 50 0.6 6.5 
Ck 0.5 52 0.8 hol: 
2G -- ORTHIC BLACK CHERNOZEM 
Ap 0.2 54 ae 5.4 
Bt 0.3 50 0.6 5.5 
BCk 0.3 50 0.9 6.0 
Ck 0.5 49 0.6 7.4 
2H -- GLEYED BLACK CHERNOZEM 
Ah 0.6 64 0.4 6.3 
Btg, Oe 50 0.5 7 
Btg., O53 50 0.3 6.9 
Ckg Led 50 0.6 7.5 
II Ckg 0.5 50 0.8 7.7 
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Ca Na pH 


E.C. % Sat'r S.A.R. a 
ES. SSeS SAR meq/e re: 
Profile Saturated Paste | ‘Saturated Paste: ° 
2I —- GLEYED BLACK CHERNOZEM 
Ap/Ah 0.3 69 0.6 5.9 
Btg 0.9 48 2.8 6u2 
BCg 0.4 42 0.8 7.4 
II Ccag Oe 43 0.9 1.3 
2J —- GLEYED BLACK CHERNOZEM, carbonated 
Apk 0.4 57 To 6.3 
Btkg 0.6 50 2th hed | 
Ckg ee 49 10.5 8.0 


2K —— ORTHIC BLACK CHERNOZEM, carbonated 


Ap 0.5 62 dL aa 
Btk 0.5 50 2.8 
BCk 0.9 50 3.6 
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MAP REFERENCE NO. 3 


Classification: 
Parent Material: 


Soil Units: 


Location: 
Landform: 
Slope: 
Aspect: 


Elevation (M.A.S.L.): 


Eluviated Black Chernozem 
Glacial till 


Al, Bl, B3, B5, B6, W1B6, B7, BS, BY, B10, 
DI, D2,3 D3 


SE 35, Two 48, R 25, W4th 
Undulating moraine 

4% 

SE 


762 


Estimated Internal Drainage: Well drained 


Land Use: 
Depth 
Horizon (cm. ) 
Ap 0-20 
Be 20-25 
Bt 25-75 
Cca 75+ 


Annual crop 


Description 


Very dark gray (10 YR 3/2 m), loam, granular, clear 
wavy, Slightly acid 


Light brownish gray to grayish brown (10 YR 6/2- 
5/2 m), loam, platey, abrupt wavy boundary, mildly 
alkaline 


Yellowish brown (10 YR 5/4 m), clay loam, sub- 
angular blocky, clear wavy boundary, moderately 
alkaline 


Brown to dark brown (10 YR 4/3-3/3 m), clay loam, 
massive, moderately alkaline 


- the same soil developed on glacio-lacustrine or residual bedrock 
material will have a similar profile description 


- in some instances (B5, W1B6, B10) a thin fluvial veneer may overlie the 


glacial till 
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Analytical Data for Profile Description re: Map Reference No. 3 


eee 


ae . Ca 
E.C. % Sat r S.A.R. 44 
Saturated Paste | Saturated Paste 


Analytical Data for Selected Variants for Profile Description 
re: Map Reference No. 3 


E.C. % Sat'r S.A.LR. Se Na PH 
| le ery an Rae ae pate meg/ ae 
Profile Saturated Paste Saturated ‘Paste ; 2 


3A —- ELUVIATED BLACK CHERNOZEM 


Ap Gs2 58 63 
Ae 0-3 50 6.8 
Bt, O22 50 10 
Bt, 0.1 50 Gad 
S 0.6 50 Sa: 


3B —- ELUVIATED BLACK CHERNOZEM 


Ap 0.4 65 6.3 
Ae 0.5 47 eye 
Bt as, 59 8.1 
Cca 5 73 8.2 
3C -- GLEYED ELUVIATED BLACK CHERNOZEM 

Ap 0.4 74 5. 
Ae 0.3 45 

Btg, 0<3 48 

Btg, 0.3 50 


Ca Na pH 
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MAP REFERENCE NO. 4 


Classification: 
Parent Material: 
Soil Units: 
Location: 
Landform: 

Slope: 

Aspect: 


Elevation (M.A.S.L.): 


Orthic Humic Gleysol 
Gina ee inmser ine 

B5, G3, G4 

NW 31, Two 48, R 24, W4th 


Depressional areas ~— slough 


Level 


767 


Estimated Internal Drainage: Poorly drained 


Land Use: 
Depth 
Horizon (cm. ) 
LFH 5-0 
Ah 0-10 
Bgk 10-30 
Cgca 30+ 


Native pasture 


Description 
Ioose leaf litter in various stages of decomposition 


Very dark gray to black (10 YR 3/1-2/1 m), loam to 
silty clay loam, granular, clear wavy boundary, 
slightly acid 


Grayish brown to dark grayish brown (10 YR 5/2- 
4/2 m), loam to clay loam, subangular, blocky, 
abrupt wavy boundary, neutral 


Dark gray to very dark gray (7.5 YR 4/0-3/0 m), 
clay loam, massive, mildly alkaline 


- other Orthic Humic Gleysols may show some saline tendancies if they 
happen to develop in an area of Solonetzic soils 


- the same soil developed on colluvial or fluvial material will have a 
similar profile description 
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Analytical Data for Profile Description re: Map Reference No. 4 


B.C. @ Sat'r S.A.R. ny ee = 


= ea 
Saturated Paste Saturated -Paste 
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MAP REFERENCE NO. 5 


Classification: 
Parent Material: 
Soil Units: 
Location: 

Slope: 

Aspect: 


Elevation (M.A.S.F.): 


Rego Humic Gleysol 
Glacio-lacustrine 
C2, G3, G4 


SE 12, Two 49, R 25, W4th 


S 


Tou 


Estimated Internal Drainage: Poorly drained 


Land Use: 
Depth 
Horizon (cm. ) 
LFH 5-0 
Ahg, 0-15 
Ahg,, 15-45 
Cg 45+ 


Native pasture 


Description 
Loose leaf little in various stages of decomposition 


Black (10 YR 2/1 m), loam to silty loam, granular, 
clear wavy boundary, slightly acid 


Very dark gray (10 YR 3/1 m), silty clay loam, 
granular to subangular blocky, abrupt wavy boundary, 
neutral 


Dark gray to very dark gray (7.5 YR 4/0-3/0 m), 
clay loam, massive, neutral 


- the same soil developed on fluvial or colluvial material will have a 
Similar profile description 
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Analytical Data for Profile Description re: Map Reference No. 5 


Ca Na 
meq/L 
Saturated Paste | Saturated Paste 


E.C. % Sat'r S.A.R. 
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MAP REFERENCE NO. 6 


Classification: 
Parent Material: 
Soil Units: 
Location: 
Landform: 

. Slope: 

Aspect: 


Elevation (M.A.S.L.): 


Humic Luvic Gleysol 
Fluvial 

G2 

NE 21, Two 49, R 24, W4th 
Fluvial 

5% 

NW 


724 


Estimated Internal Drainage: Poorly drained 


Land Use: 
Depth 
Horizon (cm. ) 
LFH 5-0 
Ah 0-10 
Aeg 10-18 
Btg 18-65 
Ckg 65+ 


Native Pasture 


Description 


Ioose leaf litter in various stages of decomposition 


Black (10 YR 2/1 m), loam, granular, clear wavy 
boundary, medium acid 


Gray to dark gray (10 YR 5/1-4/1 m), loam to fine 
sandy loam, platey, clear wavy boundary, medium 
acid 


Brown to dark brown (10 YR 4/3 m), clay loam, sub- 
angular blocky, clear wavy boundary, medium acid 


Brown to grayish brown (10 YR 5/3-5/2 m), clay 
loam, massive, neutral 
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MAP REFERENCE NO. 7 


Classification: 
Parent Material: 
Soil Units: 
Location: 
Landform: 

Slope: 

Aspect: 


Elevation (M.A.S.L.): 


Black Solodized Solonetz 
Glacial till 

BS, D3yeaD4, D6 

SE 35, Twp 48, R 25, W4th 


Inclined moraine 


SE 
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Estimated Internal Drainage: Moderately well to imperfectly 


Native pasture 


Description 


Very dark brown to black (10 YR 2/2-2/1 m), loam, 
granular, abrupt wavy boundary, medium acid 


Grayish brown (10 YR 5/2 m), loam to clay loam, 
platey, abrupt wavy boundary, neutral 


Dark yellowish brown to dark brown (10 YR 4/4-4/3 - 


- m), Sandy clay loam, columnar, abrupt wavy bound- 


Land Use: 
Depth 
Horizon (cm. ) 
Ah 0-10 
Ae 10-15 
Bnt, 15-30 
Bnt, | 30-45 
Csk 45+ 


ary, very strongly acid 


Dark brown to brown (10 YR 4/3 m), sandy clay loam, 
preomatic, clear wavy boundary, moderately alkaline 


Dark grayish brown (10 YR 4/2 m), sandy clay loam, 
massive, moderately alkaline 


- the same soil developed on lacustrine material has a similar profile 


description 
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Analytical Data for Profile Description re: Map Reference No. 7 


pa op ae % Sat'r | S.A.R. 
Saturated ‘Paste - 


ooo 


a men/L 
‘Saturated ‘Paste: | 


Analytical Data for Selected Variants for Profile Description 
re: Map Reference No. 7 


E.C. @ Sat'r &.ALR. Ca Na pH 
| =e Ue term meq/L ee 
Profile Saturated Paste Saturated Paste Z 


7A —- BLACK SOLODIZED SOLONETZ 


Ca Na pH 


0.6 
029 
BY | 
eS 
6.8 


108 


67 
69 
90 


136 


8.2 
11.0 
14.1 
Yet 
rt. 


7B —- GLEYED BLACK SOLODIZED SOLONETZ, carbonated 


Ah 
Ae 
Bntjgk 

Csk 


0.8 
1.0 
Aa) 
2.8 


74 
38 
64 
70 


9.0 
8.6 
18.8 
L726 


7C —- GLEYED BLACK SOLODIZED SOLONETZ 


1.0 
bead E 
pleat 
Zi0 
eo. 


41 
62 
65 
94 
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MAP REFERENCE NO. 8 


Classification: 
Parent Material: 

Soil Units: 

Location: 

Landform: 

Slope: 

Aspect: 

Elevation (M.A.S.L.): 


Estimated Internal Drainage: 
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Black Solodized Solonetz 
Residual bedrock 

Fl, F3 

SW 36, Twp 48, R 25, W4th 


Sapiolitic 


756 
Moderately well drained 


Native pasture 


Description 


Very dark brown to black (10 YR 2/2-2/1 m), loam, 


granular, abrupt wavy boundary, medium acid 


Light brownish gray to. brownish gray (10 YR 6/2- 


5/2 m), loam to silt loam, platey, abrupt wavy 
boundary, medium acid 


Dark brown (10 YR 4/3 m), clay loam, columar, 


clear wavy boundary, neutral 


Land Use: 
Depth 
Horizon (ens) 
Ah 0-5 
Ae 5-10 
Bnt 10-25 
Csk 25+ 


Brown (10 YR 5/3 m), clay loam, massive, strongly 


alkaline 


- small fragments of weathered bedrock appear in the Bnt and Csk 


horizons 
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Analytical Data for Profile Description re: Map Reference No. 8 


- A. me) Na PH 
Bice % Sat'r 4s Uegmen mae p | 


Saturated Paste Saturated ‘Paste 


Analytical Data for Selected Variants for Profile Description 
re: Map Reference No. 8 


Bac. soat. Ds. Sis p Me Ee 
. 1 fy ee Weed S/@) 
Profile Saturated Paste Saturated Paste 2 


8A —— BLACK SOLODIZED SOLONETZ 


Ah 0.2 100 3.9 ost 
Ae Os] 50 ss. Deo 
Bnt 1.0 14 JU 6.6 
Csk Ls 62 16.8 920 
8B —- GLEYED BLACK SOLODIZED SOLONETZ, carbonated 
Ap/Ae 2.0 ot 12.4 - 4,4 2095 UEP 
Bntgk Zaet 85 Zee 250 29.0 ie 


Cskg 269 188 Pa oo 24.3 3 
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MAP REFERENCE NO. 9 


Classification: Black Solonetz 

Parent Material: Glacial till 

Soil Units: B4, B9,6D2, Do, D6 
Location: NE 11, Two 49, R 25, W4th 
Landform: 

Slope: AZ 

Aspect: | E 

Elevation (M.A.S.L.): 742 


Estimated Internal Drainage: Well to moderately well drained 


Land Use: Native pasture 
Depth 
Horizon (an. Description 
Ah 0-15 Very dark gray to black (10 YR 3/1-2/1 m), loam to 
silt loam, granular, abrupt wavy boundary, medium 
acid 
Bnt 15-35 Brown to dark brown (10 YR 4/3-3/3 m), clay loam, 


columnar, clear wavy boundary, mildly alkaline 


Csk- 35+ Grayish-brown (10 YR 5/2 m), clay loam, massive, 
moderately alkaline 


- the same soil developed on glacio-lacustrine material will have a 
similar profile description 
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Analytical Data for Profile Description re: Map Reference No. 9 


: ~v ' sia 
| el % Sat'r S.A.R. a p Na pH 
Saturated Paste Te Saturated ‘Paste 


Analytical Data for Selected Variants for Profile Description 
re: Map Reference No. 9 


E.C. @ Sat'r S.A.R. Ga Na pH 
a moat a 


Profile Saturated Paste Saturated Paste = | 2 
9A -——- BLACK SOLONETZ 


Ah 0.5 63 0.6 6.5 
Bnt3 0.4 44 1.6 7.5 
Csk 0.8 48 309 va: 
9B -— BLACK SOLONETZ 
Apg 0.2 50 0.4 6.3 
Bnt DEB 57 8.9 7.5 
BC O32 47 0.5. 6.2 
Ck 0.8 66 0.3 7.0 
9C -- BLACK SOLONETZ 
Ah 0.3 65 1.6 5.9 
Bnt 2.0 65 10.4 7.6 
Csk 1.6 2h ae eae Me ce 
9D -- BLACK SOLONETZ 
Ah 0.5 62 4.2 6.0 
Bnt 1.0 57 6.0 6.9 
Csk 17 65 10.1 8.2 
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Bets % Sat'r ' S.A.R. 

Profile Saturated ‘Paste’ - 
9E —- GLEYED BLACK SOLONETZ, saline 

Ah 0.8 94 5.6 

Bntg 0.9 150 ese 

Ckg lige | — gba bes 
Csacag 5.9 66 2S: 
9F — GLEYED BLACK SOLONETZ, carbonated 

Ah 1.1 75 Vow 
Bntjgk 2.0 50 17.8 

Csk 4.6 dS 21.4 


‘Saturated Paste | 


7.4 


6.5 
129 
8.0 
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MAP REFERENCE NO. 10 


Classification: 


Parent Material: 


Soil Units: 


Location: 
Landform: 
Slope: 
Aspect: 
Elevation 
Estimated 


Land Use: 


Horizon 


BCsak 


Csak 


(M.A.S.L.): 


Internal Drainage: 
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Black Solonetz 

Residual bedrock 

Fl, F3 

SW 36, Twp 48, R 25, W4th 


Saprolitic 


756 
Well to moderately well drained 


Native pasture 


Depth 
(em. ) Description 
0-15 Very dark gray to black (10 YR 3/1-2/1 m), loam, 
granular, clear wavy boundary, medium acid 
15-40 Brown to dark brown (10 YR 5/3-4/3 m), clay loam, 


columnar, clear wavy boundary, neutral 


40-50 Very dark grayish brown (10 YR 3/2 m), clay loam, 
prismatic, clear wavy boundary, mildly alkaline 


50+ Grayish brown to dark grayish brown (10 YR 5/2- 
4/2 m), clay loam, massive, moderately alkaline 


- weathered bedrock of the Edmonton formation appears in the BCsak and 
Csak horizons 
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Analytical Data for Profile Description re: Map Reference No. 10 


Ec. Me LS RR ee id ES 
E.C. % Sat'r S.A.R. p 


crc: | Saturated Paste 


Analytical Data for Selected Variants for Profile Description 
re: Map Reference No. 10 


£ Ca Na PH 
EC. ’ Satlr S pists sp 


Profile Saturated Paste Saturated Paste we 


10A -- BLACK SOLONETZ, saline 


Ap Le4 88 15.2 5.8 
Bnt 2.3 85 20.0 ee 
BCsak 5.0 150 19.1 7.5 
Csak 5.3 150 16.6 7.9 
10B —- BLACK SOLONETZ, saline 
Ah 0.8 72 10.6 6.2 
Bnt 2.5 108 21.9 8.2 
Csaca 6.5 200 14.2 7.9 
10C -- BLACK SOLONETZ, saline 
Ah 0.9 70 6.3 6.3 
Bnk £3 65 723 iss 
Cgca 5.5 90 23,2. 
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MAP REFERENCE NO. 11 


Classification: 
Parent Material: 
Soil Units: 
Location: 
Landform: 

Slope: 

Aspect: 


Elevation (M.A.S.L.): 


Black Solod 

Glacial till 

DL, 3740) 

SW 36, Twp 48, R 25, W4th 


Undulating moraine 


SE 


756 


Estimated Internal Drainage: Well to moderately well drained 


Land Use: 
Depth 
Horizon (cm. ) 
Ah 0-10 
Ae 10-13 
AB 13-18 
Bnt 18-28 

Csaca 28+ 


Annual Crop 


Description 


Dark grayish brown to very dark grayish brown (10 YR 
4/2-3/2 m), loam to silt loam, granular, clear wavy 
boundary, medium acid 


Light brownish gray (10 YR 6/2 m), silt loam to fine 
sandy loam, platey, clear wavy boundary, medium acid 


Brown. .(10 YR 4/3 m), clay loam, angular blocky, 
clear wavy boundary, slight acid 


Yellowish brown (10 YR 5/4 m), clay loam, columnar, 
clear wavy boundary, moderately alkaline 


Dark grayish brown (10 YR 4/2 m), clay loam, massive, 
moderately alkaline 


- the same soil developed on glacio-lacustrine will have a similar profile 


description 
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Analytical Data for Profile Description re: Map Reference No. 1 


Ca Na pH 


5 Saami — 
E.C. % Sat'r S.A.R. /p 


Saturated Paste Saturated Paste | 
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MAP REFERENCE NO. 12 


Classification: Black Solod 

Parent Material: Residual bedrock 

Soil Units: F2 

Location: SW 31, Two 48, R 24, W4th 
Landform: Undulating moraine 

Slope: 2% 

Aspect: | SE 

Elevation (M.A.S.L.): 762 


Estimated Internal Drainage: Well to moderately well drained 


Land Use: Native pasture 
Depth 
Horizon (cm. ) Description 
Ah 0-5 Dark grayish brown (10 YR 4/2 m), loam, granular, 
clear wavy boundary, neutral 
Ae 5-7 Grayish brown (10 YR 5/2 m), silt loam, platey, 
abrupt wavy boundary, medium acid 
AB 7-15 Brown (10 YR 4/3 m), clay loam, angular blocky, 
. clear wavy boundary, neutral 
Bnt 15-45 Yellowish brown to dark yellowish brown (10 YR 5/4- 


4/4 m), clay loam, columnar, clear wavy boundary, 
mildly alkaline 


Csaca A5+ Dark grayish brown (10 YR 4/2 m), clay loam, mass- 
ive, mildly alkaline 


- small fragments of weathered bedrock of the Edmonton Formation appear 
throughout the Bnt and Csaca horizon of this soil 
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Analytical Data for Profile Description re: Map Reference No. 12 


) oe el Nass 
BL, % Sat'r S.A.R. /p 


Profile Saturated Paste Saturated Paste 


Analytical Data for Selected Variants for Profile Description 
re: Map Reference No. 12 


E.C. @ Sat'r S.A.R. 2 = See 
a 2S oe meq/t Ege 
Profile Saturated Paste Saturated Paste 2 
12A -—- BLACK SOLOD, saline 
Ah 0.3 90 4.3 OL7 2.9 6.6 
AB 2.0 69 a WS jean 1.4 19.0 6.6 
Bnt 2.38 89 1964 ded 23.0 7.4 


Csaca 7230 150 15.6 Leys) 60.8 7.8 
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APPENDIX 2 


The following are the analytical data for selected soils from 


the toposequences outlined in Figure 29. 
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Analytical data for selected soils from toposequences described 


in Figure 29. 


en Sy % Sat'r comely el 8 
Profile Saturated Paste 
1 -—- ORTHIC BLACK CHERNOZEM (O.BL.) 


Ap Wo 50 0.5 
Bt, Ov 57 1.0 
Bt, 0.3 50 0.7 
_ BCk 0.5 50 0.6 
Ck 0.5 52 0.8 


-- GLEYED ELUVIATED BLACK CHERNOZEM (GL.E.BL.) 


Ap 0.4 65 ee 
Aeg 0.5 47 Eva 
Btg 0.7 59 6.2 
Ccag 1.2 73 9.3 


—- BLACK SOLONETZ (BL.SZ.) 


Ap/Ah 0.7 56 6.0 
Bnt 0.7 56 6.1 
Cca 0.8 66 73 


—— BLACK SOLODIZED SOLONETZ (BL.SS) 


Ap/Ah 2413 Oo. a4 TRS BES 
Bnt 2e0 87 AST | 
Csk 2.6 150 2364 


—— SOLONETZIC BLACK CHERNOZEM (SZ.BL.) 


Ah 1.8 100 18.0 
Bnjt3 2,3 115 26.5 
Ck eel 100 33.3 


Ca 
— meg/2 


Saturated Paste 
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EiCh i € eatiy (= 24S.A.R. a pH 
Profile Saturated Paste -. Saturated Paste oe 
6 —- ELWWVIATED BLACK (E.BL.) 
Ah 0.2 50 0.4 6.4 
Ae 0.4 50 0.2 6.7 
Bt 0.1 50 0.3 5.9 
S 0.5. 44 0.4 hed: 
7 -- GLEYED BLACK SOLODIZED SOLONETZ (GL.BL.SS) 
Ah 0.8 73 9.1 0.9 7.8 6.4 
Re P20 39 8.5 2.4 10.5 6.9 
Bntjg 2:5 61 18.6 2.8 23.9 eres: 


 Cskg 2.8 68 1783 4.2 27.5 8.1 
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APPENDIX 3 
The following are the analytical data for selected soils from 


the deep plowing plots established by Alberta Agriculture described in 


Figure 32. 


LEZ 
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MAP REFERENCE NO. LEGAL LOCATION 

17253 NE 12, Twp 49, R 25, W4th 

4,5 NW 13, Two 49, R 25, W4th 

6, 7, 8 NE 11, Two 49, R 25, WAth Saunders 


FIGURE 32: Location of Sampling Areas for Deep Plowing Sites 
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Analytical data for selected soils from. the deep plowing plots 


described in Figure 32). 


Profile 


Apkg, 
Apkg5 
Apkg, 
Ckg 


0-15 
15-30 
30-45 
45+ 


O-15 
15-30 
30-45 
45+ 


0-30 
30-66 
66-76 
76+ 


0-15 
15-30 
30+ 


0-11 
11-45 
45+ 


0-12 
12525 
25-45 
45+ 


B3C3 


% Sat'r Delra les 


Saturated Paste 


Ca Na 
megq/2L 
Saturated Paste 
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ca ak i 
EC eee 8 usat ra sS. AR. 


Profile Saturated Paste Saturated Paste 


t Reference Number (Figure 32 ) 


APPENDIX 4 
The following are the analytical data used to characterize the 


potential limitations to deep plowing of mapped soil units within the 


study site. 
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APPENDIX 4 : Criteria for the Potential Limitations to Deep Plowing of Soil Units within the Study Site 


CL 
A2 5 12+ O-1 well CL 0 upulal 8.7 6.5 6.3 
Bl 2-3 12+ 0-1 well CL 10 Till 4.5 Ue . 6.3 
B2 2-3 12+ 0-1 well CL 5 Till 6.1 5.6 6.4 
B3 2-3 12+ 0-1 well CL 5 Till 4.1 4.4 5.9 
B4 2-3 12+ 0-1 rapidly- SiL-CL 20 Fluvial/Till 5.3 6.7 6.4 
well 
B5 2-3 12+ O-1 . well cL 5 TH! Sei 8.5 6.4 
B6 2-3 12+ 0-1 well cL ies Till 5.4 6.1 6.3 
B7 2-3 12+ 0-1 well to SiCL-CL 5 Till/Residual 6.5 5.6 6.4 
moder- 
ately 
well 
HCL 1-2 12+ 0-1 well to SiCL-CL 5 Glacio- 4.1 4.5 6.0 
moder- lacustrine 
ately 
well 
C2 1-2 12+ 0-1 well to SiCL-CL 5 Glacio- 6.0 9.0 6.5 
moder- lacustrine 
ately 
well 
D1 a3 12+ 0-1 moder- cL 20 byl! 12.8 4.5 6.6 
ately 
well 
D2 PB a2 0-1 moder- CL 35 THY 21.4 0.3 6.0 
ately 
well 
D3 28 12+ 0-1 moder- cL 30 Till 5.6 0.9 6.2 
ately 
well 
D4 2-3 12+ 0-1 moder- CL 35 Till 15.0 0.5 6.0 
ately 
well 
DS 2-3 12+ 0-1 moder- CL 35 ys tisO Q.4 6.1 
ately 
well 
El 1-2 12+ 0-1 well to SiCL-CL 5 Glacio- ae) 2.0 6.2 
moder- lacustrine 
ately 
well 
E2 1-2 12+ 0-1 well to SiCL-CL 35 Glacio- 17.0 0.4 6.1 
moder- lacustrine 
ately 
well 
E3 j-2 12+ O-1 Imper- SiCL-CL 30 Glacio- 2330 8.0 6.1 
fectly lacustrine 
Fl 1-2 12+ 0-1 moder- SiCL-CL 40 Residual 16.7 0.4 6.1 
ately 
well 
F2 1-2 12+ 0-1 moder- SicL-ClL, 40 Residual ikea 5-4 6.1 
ately : 
well 
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